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tudies of the electric field above fog and the construction of a unique
electric field mill are described. Work on the formation of fog includes
. the studies of the surface roughness, von Karman's constant, stratus
formation in the convecting marine boundary layer and studies of how
convection is initiated and continues in the marine boundary layer when
.the water is initially colder than the air. These results show why fog =7
is more prevalent over colder water and why fog frequently forms in _—
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STUDIES OF THE OCEAN SURFACE AND THE COUPLING
BETWEEN THE SEA AND THE ATMOSPHERE

INTRODUCTION

This contract was in support of an evolving study of marine
fog from 1 September 1974 until 31 March 1984. The program began
with a small field program to examine electric fields at the top
- of marine fog and stratus, and in later years evolved into
theoretical studies of the structure of fog and the boundary
layer surface roughness,

The development and dissipation of marine fog was the scien-
tific topic under investigation. It was clear from the start
that entrainment of dry air at fog tops would play a major role
in fog dissipation and consequently the electric charge layer at
fog tops should show variations related to the entrainment of the
charges in the clear air and on the drops residing at the top of
.the fog, deeper down into the fog. Thus a measurement plan was
formulated and carried out with this goal in view. An earlier
ONR contract had first supported this work and a new electric

field mill design was developed and built for use: in this work.:

A number of new ideas were involved and five ﬁatents were
assigned to the Navy in the fo6llowing years (patents dated
11/4/75, 2/10/76, 12/1/76, 3/22/77, 12/27/77, attached). This
instrument was particularly suitable to the measurement of
electric fields near fogs because, due to its unique design, it
worked well in cloud, fog and rain. These conditions are usually
a source of severe problems when it is desirable to measure small
- electric fields, such as needed here.

Aircraft support for the measurement program was obtained
from the Research Aviation Facility at the National Center for
Atmospheric Research at no cost to the project. 1In 1976 fourteen
flights were made beginning on 9/17/76 and ending 10/8/76 off the
California coast near Cape Mendicino. 1In 1977 sixteen f£lights
were made in the same area beginning 8/22/77 and ending on
9/6/77. In 1978 we proposed to address our principal effort
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towards data processing and theoretical analysis.

In the more recent years the effort has been directed towards
the theory of the boundary layer and thunderstorm electrifica-
tion, both being areas of work which were greatly stimulated by
: the initial efforts on the study of fogs and their electrifica-
tion.

DISCUSSION OF ACCOMPLISHMENTS BY YEAR

The developments of the project are documented in a series of
reports and scientific papers which are attached in the Appendix.
] At the Third Annual Conference on the Physics of Marine Fogs
i in San Diego, CA, January 7-8, 1975, our presentation was
' entitled "Natural Marine Fog Charging® by P.B. Wagner and
J.W. Telford.

The field mill incorporated a number of new design features
which were new and raised a number of questions. These were sum-
marized in a letter (Appendix, Letter 7/21/75) whiéh'explained
the operating principles in detail and why the enclosing glaés
‘cylinder around the electrodes was such an advantage in keeping
the device clean and dry without introducing any significant
compromises to performance.

28 ot gl e

A paper was presented at the Fourth Annual- Marine Fod
Iﬁvestigation Program Review on January 6, 1976, in Reno. It was
entitled "Model of Convection Fog" by S.K. Chai and J.W. Telford.

The work through 1976 was summarized in a document prepared YOI
on 12/17/76 to justify further support (see Appendix). Here the \
background of the cloud physics of fog is discussed. The possi-
bility of electric charges promoting fog droplet coalescence is
discussed. However, the stabilizing effect of equal signed
charges on droplets is also considered together with the possi-
bilities of initoducinq opposite charges from a ship to promote
coalescence. -

The work summary for 1977 is found in the Appendix. We here
refer to the theorqtical model developed to represent the fields
at the edge of a fog when the top surface of the fog carries a
charge. The Appendix next contains the flight summary for 1976

[

\ . 2

L

T o N ot e e T T e e e e e e e e et e e et et e e e e e
YORTASAA _er-. e Tt T L L N e e e e T T T T T

- . « ' e -
Lo EIPE PR SN RPSIRE W WP R UL IS T WL WAL SEAPE . SR W SO S W S S W P P S R U P




i PN T A A ] AT gl S  Ball NoRTod = g Ty T -l -+ g Pand RN R SN A s ol AR A

and 1977. oo

A paper was presented at the Fifth Marine Fog Progress t:-_i':i.&_
' Review, Buffalo, NY, April 5-7, 1977, entitled "The Electric and
'y Velocity Fields Near and Within the Tops of Fog Layers of the
% West Coast” by P.B. Wagner and J.W. Telford.

In 1978 the effort was directed more towards the theoretical
work on fog formation and a paper was prepared describing the

field mill and the measurements of the charge near the edge of a
" ~ fog bank. The simple model calculations are plotted against the
“ data (see Appendix, "The Measurement of Atmospheric Electric

FPields from Aircraft” by P.B. Wagner and J.W. Telford). Two
~f papers were presented at the Conference on Cloud Physics and

Atmospheric Electricity," July 31-August 4, 1978, in Isaquah, WA.
s The first paper “Dissipation of Marine Stratus® by P.B. Wagner
) and J.W. Telford (in Appendix) described aircraft observations of
the fragmented edge of a stratus layer and analyzed the dynamics
associated with the density differences associated with the cloud
to clear air transition. .
' The second paper"On the Formation of Convective Marine Fog”
by S.K. Chai and J.W. Telford (in Appendix), described the con-
vective plume model applied to marine stratus and its rela-
b tionship to our observational restraints. ) '

The work related to sea stratus and fog is summarized in "The
Airborne Atmospheric Electricity and Fog Dissipation Program®" by
e P.B. Wagner and J.W. Telford (see Appendix).

In 1979 the work undertaken became largely theoretical with
studies of charge transfer during convective activity in cloud

\" and studies of how the boundary layer coupled with the surface. r
& ‘The paper “"Electric Charge Separation in Severe Storms" by & g
. J.W. Telford and P.B. Wagner was published in Pure and Applied “.

Geophysics, l_f_‘l_, 891-903 in 1979. This paper analyzed the RARR
! charges in thermal elements in thunderstorms. It argued that the :3,‘;-
. cooler descending thermal elements formed by entrainment and 5-_;\-»51

evaporation at cl_oud top would preferentially evaporate the E_”j
:; smaller ice particles. If the smaller particles were preferen- )
S, tially positively charged and the larger particles negatively _'f:,}j-.?j'
P 4
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charged, the descending thermals would tend to lose the positive
ions left by evaporation of the smaller original ice particles,
and hence carry negative charges downwards. This would give

negative charges lower down and positive higher up. It would
also tend to accumulate the negqtivé charge at about the -10°C
level, where the doscehding thermals would tend to become more
buoyant by virtue of the rising ligquid water cloud below and
around them. Before freezing the liquid water cloud is slightly
~ colder and denser than after freezing, when the latent heat of
freezing is released. '

This paper was followed by a much more extensive study “Cloud
Dynamics and an Electric Charge Separation Mechanism in
Convective Clouds" by P.B. Wagner and J.W. Telford. Here the
ideas of the previous paper were extended to study the effects of
cosmic ray ionization in the descending thermal entity. Since
the descending parcel will have fewer particles because they are
rapidly evaporating then fewer of the cosmic ray charged ions
will be captured in the entity as compared to the rising air
"around it, and hence the entity will have a higher conductivity
than the rest of the cloud. The fair weather field will thus
transfer positive charges from the descending entity into the air
flowing back around it, at its front edge. The descending enti?
ties will thus transport negative. charge downwards regardless of
any charging propensities of the ice particles of different
sizes. The negative charge will again accumulate at about the
-10°C level and the positive charge will be carried higher up.
The field from the separated charges will augment the earlier
field so the charging rate will increase and the charge separated
will grow exponentially. A mathematical model in the paper
showed that the rate of growth, and charges separated, are in
reasonable agréemcnt with observations of thunderstorms.

The studies of how the convective theory could take account
of the sea surface in matching the fluxes to the atmospheric con-
ditions, lead to a detailed study of surface roughness. As a
preliminary to stbdying the surface roughness of waves and
ripples, a study was undertaken of an ideal roughness surface of
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% identical thin cylinders of equal height standing on end and

3 close enough that the mounting surface was not involved in the

drag. A physical description of the process using entraining

slabs of turbulent air allowed the roughness length to be-

derived in terms of the area of the cylinders per unit area per-

pendicular to the wind direction per unit length downwind, and

the drag coefficients of the cylinders. The result is close to

measurements made in wind tunnels (see Appendix, "The Surface

~ Roughness and Planetary Boundary Layer™ by J.W. Telford, Pure and
Applied Physics, 119, 278-293, 1981).

This study was followed by more detailed analysis of the tur-
bulent slabs (or layers parallel to the surface) of air against
the interface. The horizontal momentum passes down from slab to
slab until it is absorbed by the drag of the surface roughness
elements. These slabs are constrained in thickness to meet simi-
larity considerations relative to the surface boundary in neutral
conditions., The slabs are an‘average concept, and to derive the
surface roughness length it was necessary to allow the slabs to
"be centered at any height, but with a probability density which
gives the logarithmic profile when the nth slab retains the same
velocity as it varies up and down in height. .. The range of
variation in height is enough to bridge the gap to tﬁe next slab{
s0 that the probable height of the slabs varies cdntinuously from
height to height, and its thickness varies at the same time to
maintain a thickness as a constant ratio of the height. Note

that for each slab the average turbulence, average horizontal
velocity and average dissipation rate are still used. The ve-
locity at any given level matches the logarithm profile velocity
because each level experiences some time in each of two adjacent
slabs with different velocities and the probability of the slab
being at each level then gives the average velocity at that
level.

The von Karman constant can be derived by the additional
assumption that the dissipation rate of the turbulence in each
instantaneous realization of each slab is determined by the
corresponding thickness of the slab at that moment. By averaging
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the dissipation rate at a given height, for all possible height
variations of the slabs covering a fixed point, in the same way
the velocity profile was derived from a similar averaging, this
average dissipation rate can be estimated. It is then compared
to the dissipation rate found by treating the whole depth of the
layer below the level concerned as half of a parallel channel,
where the same principles give another estimate of the dissipa-
tion rate. This comparison 1leads directly to a value for

von Karman's constant of, k = 0,37. Channel flow gives k = 0.40

while atmospheric boundary layer measurements have given
k = 0.35. The new value of k also improves the fit of the calcu-
lated boundary layer roughness length to the experimental values.
This analysis is published in the paper "A Theoretical Value of
‘'von Karman's Constant" by J.W. Telford, Pure and Applied

Geophysics, 120, 648-661, 1982 (see Appendix for papers).

In 1982 the work turned more towards seeking an explanation
of how the convection over the sea was determined. The first
effort related to convection over warm water and was then

"extended to convection over cooler water. The earlier model for

dry air convection was modified to allow the formation of stratus
clouds at the top of the convecting layer. Once iE is recognized
that turbulent entrainment at cloud tops is negligible, compared
to density driven negatively buoyant entrainment broduced by the
evaporation of cloud drops in parcels of dry air mixed in cloud
top, then the whole structure of the stratus and fog formation
and dissipation cycle becomes accessible.

A preliminary paper was presented at the Conference on Cloud
Physics, November 15-18, 1982 in Chicago. The paper was entitled
"Fog, Stratus and Cumulus Formation in Warm Air Over Cooler
water®” by J.W. Telford and S.K. Chai.

Continued work resulted in a paper "Convective Model for
Stratus Cloud Over a Warm Water Surface" by S.K. Chai and J.w.
Telford which was published in Boundary Layer Meteorology, 26.
25-49, 1983. This paper established many of the principles
involved and set down the equations. It gave guantitative esti-
mates for the case of lowering of cloud base to form fog, and
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layer below the level concerned as half of a parallel channel,
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tion rate. This comparison leads directly to a value for
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von Karman's Constant™ by J.W. Telford, Pure and Applied
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In 1982 the work turned more towards seeking an explanation

of how the convection over the sea was determined., The first
effort related to convection over warm water and was then

" extended to convection over cooler water. The earlier model for
dry air convection was modified to allow the formation of stratus
clouds at the top of the convecting layer. Once it is recognized
that turbulent entrainment at cloud tops is neglibible, compared
to density driven negatively buoyant entrainment produced by the
evaporation of cloud drops in parcels of dry air mixed in cloud
top, then the whole structure of the stratus and fog formation
and dissipation cycle becomes accessible.

A prelimirary paper was presented at the Conference on Cloud
Physics, November 15-18, 1982 in Chicago. The paper was entitled
"Fog, Stratus and Cumulus Formation in Warm Air Over Cooler
Water" by J.W. Telford and S.K. Chai.

Continued work resulted in a paper "Convective Model for
Stratus Cloud Over a Warm Water Surface" by S.K. Chai and J.w.
Telford which was published in Boundary Layer Meteorology, 26,
25-49, 1983, This paper established many of the principles
involved and set down the equations. It gave quantitative esti-
mates for the case of lowering of cloud base to form fog, and
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showed that radiative cooling at cloud top would be relatively
unimportant.

The efforts in 1983 were concerned with producing a paper
which clearly stated the determining factors for stratus and fog
formation over cooler water., In order to proceed with calcula-
tions of how convection could be driven by the density of the
water vapor leaving the sea surface, the thermodynamics of the
mixing of cloudy air with either cloudy air or clear air had to
be completely recast to achieve the necessary accuracy of
0.0001°C, between alternative thermodynamic paths. This is
because the virtual temperature differences between updraft and
downdraft were only a few times 0.01°C, This analysis showed
that fog can form when the air is ten degrees centigrade or more
warmer than the water surface, and that these are the conditions
which favor fog formation. Air heated over the desert and
blowing back out to sea near San Diego is ideal for fog or stra-
tus formation, as we all know. The reason is that the warmer air
limits surface convection to a relative low level which can be
‘saturated more readily by the sea surface moisture flux.

The paper explaining this phenomenon "Inversions, and Fog,
Stratus and Cumulus Formation in Warm Air Over Cooler Water™ by
J.W. Telford and S.K. Chai has just been published: in Boundari
Layer Meteorology. .

SUMMARY

This grant began with studies of the electric field above
stratus and fog layers and verified that such measurement could
be obtained on a routine basis. This work emphasized the need
for a better understanding of fog and cloud top entrainment and
the need for simultaneous measurements of drop sizes and conduc-
tivity in the cloud.

The theoretical work has generated a model which has
explained the major features of fog formation and entrainment.
The understanding of the surface boundary has been advanced by
this work to the pbint where the basic theory for computing the
- surface roughness length and surface drag are in sight.

..........................
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Future work needs to be in two categories. First, direct
observation of fog and stratus top entrainment is needed, with
some form of tracing material to directly verify the stop-start
nature of entrainment, both observed and .explained theoretically.

Secondly, the sea surface wive and ripple structure needs to
be observed in the open oceéan from aircraft where other parame-
ters are directly observed at the same time, 1In addition, the
theoretical advances in understanding surface roughness,
developed under this contract, need to be pursued vigorously, so
that the relationships between the generation of ripples by the
wind and the way the ripples produce an equivalent roughness

height to control the air flow, can be established with a physi-~

cal theory.
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Electric field mill which
was flown in past years on
a nose boom: This tail
mounting proved satisfactory
despite some vibration.
Lower supports mounted in
rubber provided added stiff-
ness and dampening.

Close-up of rotating
cylindrical electric field
mill: Note glass enclosed
capacitive plates and compen-
sation probe beneath cylinder
. to offset effects of the
aircraft tail. The writing
pen provides a size reference.

Electricalconductive cell:
This Gerdian-type cell is
capable of measuring both
ionic components of electri-
cal conductivity as well as
total small ion population.
Alr turbine at the rear of
the tube measures flow rates.
An electrometer amplifier
and other electronics are
the housing above the tube.

.................




Front view of conductivity
Micell: The large difference

between inner and outer shell
Wsizes is utilized to minimize
ceffects of fringing electric
fzelds in the electrode area.

surfaced in 1975 during fligh
¢l in rain has been solved. A
B mechanical problem caused by
R vibration of the new xoof

Ml mount was noted this year and
Mwill be corrected before
B8 further use.

e New vertical electric
""" field mill: Functionally
S cadsimilar to the rear mounted
enill, this mill measures the
. Mhorizontal field components.
B Note the taped ground plane
s and glass enclosed capacitive
plates.

Interior projection of new mill:
During the 1976 experiment this mill
performed credibly in overcast conditions
and in fog, however it proved to be
sensitive to sun angle in bright sunlight
This effect was unexpected and is perhaps
an effect of the sun on the aircraft
paint and skin charging beyond the
ground plane. No further explanation

is known, and more investigation will be
necessary. Note the clear tube for dry
air. Circulation of dry air has proven
to be an excellent way to maintain
electrical integrity of all the above
instruments in wet conditions.
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United States Patent 19 my 3,917,996
Wagner et al. [45] Nov. 4, 1975
(54) ELECTRIC FIELD MEASURING DEVICE N ABSTRACT
[7S) Inventors: Peter B. Wagner; James W. Telford;
wmw.ﬂamway,anofkeno.'  An dectric ficld ring device that is icularly
y suited for being mounted on.the nose boom of an air-
{73] Assignee: The United States of America as craft for periodically measuring the atmospheric elec-
represented by the Secretary of the tncﬁeldmmtymdommmm
Navy, Washington, D.C. a rotating assembly thst includes a pair of capscitor
[22) Fled:  July S, 1974 plates, analog signal processing equipment, digital pro-
cessing equipment, a slip ring assembly, oriemtation
[21] Appl No.: 486,035 l:ght transmitter and receiver assermblies and am infor-
. mation light transmitter. All of these elements are
€7 RN  R— 324/72; 324/139; 324/144  Tounted on a rotstable shaft that is driven by an elec-
(51) It CL2 GOIR 31/02 ;:;‘m"‘“"' The gt Com ‘?;:::‘!"l information
[{58] Fleld of Search....... 324/72, 139, 14'4. 2507236 tion l:' w""': ves, the of whi mhm’? o
the input of » :utiamy digita) receiver and storage
(56 UNrrER:;l'e:Te:SC:rTENTS device. Floating D. C. power is transmitted by a brush
: umnblythrouﬂldlesllpmmblytothemm
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- . transmits the information si from a rotating mem-
- ELECTRIC FIELD MEASURING DEVICE ber to a stationary memberw rolating

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to an electric field mea-
suring device and more particularly 1o a very sensitive

electric field measuring device for measuring atmo-

spheric electric fields.
2. Description of the Prior At - '
Prior rotating electric field measuring devices have
- been 100 bulky and heavy, particularly for mounting on
0 small aircraft booms. In addition, they exhibit measur-
ing sensitivities limited excessively by noise in brush
contacts 0 rotating shields and/or the noise effects of
brushes or other electrical coupling upon analog signal
transmission between rotating and stationary members.
The present invention overcomes these difficulties by
" employing uniquely cooperating rotating and station-
- ary assemblies that are compact, light weight and effi-
cient. Moreover, the present invention employs a
unique optical information technique that eliminates
brush noise in the transmitted information signal.
SUMMARY OF THE INVENTION

Briefly, the present invention comprises an electric
field measuring device that is particularly suited for
being mounted on the nose boom of an aircraft for peri-
odically measuring the atmospheric electric field inten-
sity and orientation. The device includes a rotating as-

sembly that includes a pair of capacitor plates, analog .

signal processing equipment, digital processing equip-
ment, a slip ring assembly, orientation light transmitter
and receiver assemblies and an information light trans-
mitter. All of these elements are mounted on a totat-
able shaft that is driven by an electric motor. The light
from the rotating information light transmitter is re-
ceived by a iationary information light receiver, the
output of which is applied to the input of a stationary
! digital receiver and storage device. Floating D.C.

- power is transmitted by a brush assembly through the .

= . slip ring assembly to the rotating electrical equipment.

STATEMENT OF THE OBJECTS OF THE
INVENTION

An object of the present jnvention is to provide an
electric field measuring device that is compact and
Tight weight;

Another object of the present invention is to provide

an electric field measuring device that is accurate and
very sensitive;

_ Still anothier object of the present invention is to pro-
vide an electric field measuring device that minimizes
noise in the information signal;

" $till another object of the present invention is to pro-

' vide an electric field measuring device that may be

" - mounted on an aircraft 10 measure atmospheric field
intensity;

A still further object of the present invention is to
provide an electric field measuring device that may be
mounted on the nose of an sircraft 10 measure.the at-
. .- mospheric field orientation; and

-, A still further object of the present invention is to
-« . .. provide orientstion of the rotating member.with re-
spect 10 the, stationary member by interrupting light
from optical devices;
A sull further ot;;m of the present invention is to
provide an electric field measuring device that optically
o %:'.J"" " ?'-ﬁ‘:'. ‘:'":'?

+ o ®
.....
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------

Other objects, advantages and novel features of the
present invention will become apparent from the fol-
5 lowing detiled description of the invention when con-
sidered in conjunction with the accompanying draw-
ings wherein:
BRIEF DESCRIPTION OF THE DRAWINGS ; .
10 FIG. 1 is a side elevation of the electric field measar- X~
ing device of the present invention which illustrates the :'-.’
overall system and the arrangement of components;
FIG. 2 is a block diagram of the electrical system of r.
the electric field measuring device of the present inven- =~ -..-.i- .
15 tion; and
F1G. 3 is a section view taken at section 3—3 of FIG.
1 and illustrates the optical orientation technique em-
ployed in the electric field measuring device of the
zopreseminventio-.
. DESCRIPTION OF THE PREFERRED B
. EMBODIMENT ’ S
The purpose of the electric field ing device of ..
the present invention is to measure the electric fiedd in -
25 aumosphere. This is achieved by positioning the electric
field measuring device at differemt locations within the
atmospheric electric field. In accordance with the pres- .- - " ;]
ent invention this is preferably achieved by mounting * .
the electric field measuring device on the nose of an -
30 sircraft and periodically measuring the electric field in- :
tensity and orientation as the sircraft flies the .-
atmosphere. The electric field is measured in two of its i
three vector components, namely the horizontal and
vertical components. To achieve this objective the - .-~
35 clectric field measuring device is mounted to be cylin- N
drically symmetric with the nose boom of the aircraft '~
wherein the nose boom preferably cxtends several feet -, ‘
in front of the sircraft center. In this manner the charge ©~." -,
on the aircraft will have & minimum effect on the field w=ais
40 measurement made by the electric field measuring de- |
et i;fwﬁ:e understood that the third or axial com~ "%
ponent electric field be measured, along
with either the horizontal amztu components, by
orienting a second electric field

' S

i
.

b}

ing device ina

45 direction that is normal to0 axis of the first electric field .-
measuring device. It is also 10 be undersiood that the -~. ‘

noise rejection system of the electric field measuring
device of the present invention may be used on any de- -
vice where it is necessary to transmit power from a sta- |
tionary member to a rotating member and 0 transmit N
information from a rotating member 10 » stationary
* member. v
In FIG. 1 is a side clevation cf the electric field mea- #/"' = »
suring device 11 of the present invention which illus- "‘.""“'1
trates the overall system and the arrangement of com- .5,
ponents. FIG. 2 is a block diagram illustrating the elec- -.:
trical system of the electric field measuring device 11 *'
of the present invention. Referring to FI1G. 1, electric .-
field measuring device 11 includes a nose cone 13, an -
60 outer cylindrical glass insulating sleeve 15, a pair of ca- ‘a
pacitive plates 17 and 19 (see also FIG. 2), an interior ""“"
cylindrical shield 21, a centrally positioned outer sta- .- =
tionary cylindrical sleeve 23 and a rearwardly posi- -
tioned outer stationary cylindrical sleeve 25. Capaci- .
65 tive plates 17 and 19 are preferably metal foil that are ©- .~
mechanically and electrically separated and are at- ' -:.'-'.':'

P~

55

tached to the interior surface of glass insulating sleeve

15. 2
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An elongated hollow shaft 27 is rotatably supported
by bearings 29, 31 and 33 which are respectively sup-
ported by metal support members 35, 37 and 39 which
are supported by outer stationary cylindrical slceve 23.
The nose cone 13 is connected 10 the forward end of
rotatable hollow shaft 27 by support members 41 and
‘3. ’

Referring to FIGS. 1 and 2 concentrically mounted
on the forward section of shaft 27 are analog current to
voltage converter 45, analog processing circuit 47 and
analog to digital processing circuit 49. Circuits 45, 47
and 49 are packaged in 3 cylindrical configuration with
an opening in the center. These circuits are packaged
10 slide over shaft 27 and within cylindrical shield 21 to
provide a force fit and a rigid interconnection. Electri-
cal plugs, not shown, are provided to electrically and
mechanically interconnect these circuits. Referring to
FIG. 1, a collar 51 extends from shaft 27 10 support one
end of sleeve 15, the other end of which is supported by
support member 43. An air gap 53 is provided between
sleeve 15 and shield 21 to prevent shorting of capaci-
tive plates 15 and 17. .

Cylindrically mounted on the rearward part of shaft
27, having a small diameter, is slip ring assembly 5§
which is used to transmit D.C. power to circuits 45, 47
and 49. This is achieved by transmitting power to a plu-
rality of slip rings of slip ring assembly 55 from: the

brushes of brush assembly 57 which are connected o a -

floating aircraft power supply 58. Although not.shown,
for reasons of clarity, each slip ring is connected 10 a
wire which passes through the hollow section of shaft
27 10 the various electrical packages 45, 47 and 49 as
generally indicated by electrical cable 5§9. D.C. power
is transmitted through cable 61 to brush asser-bly 57
from the floating aircraft power supply 58 of FIG. 2.

. Connected to the rearward end of rotatable hollow
shafi 27 is light transmitter 62 which is preferably capa-
ble of transmitting infrs-red light. Light transmitter 62
is connected to the output of analog to digital process-
ing circuit 49, as generally indicated by cable 59. Pref-

3,917,996 ]

10

15

20

28

30

s

40

erably circuit 49 controls light transmitter 62 to convey -
information by means of a pulse width modulated sig- .
nal

Shaft 27 is rotated by means of electric motor 63
through gears 65, 67, 69 and 71. Gears 67 and 69,
which are connected by shaft 73, are made of a dielec-
tric material, preferably nylon, to prevent electrical
coupling between the motor armature and the rotating
assembly. Electrical coupling to the rotating assembly
is undesirable because the motor armature normally
has brush noise. : '

The forward end of the electric motor 63 is sup-

45

50

poried by support member 75 which is attached to sup-

port 39. Connected to the rear end of motor 63 is elec-
trical connector assembly 77. A connector plug 79
(having a plurality of pins, not shown) is connected to
the assembly 77 'and is supported by support member
81 which is connected to sleeve 25. An electrical cable
83 is connected from the connector plug 79 to the
equipment on board the aircrafl.

The pulse modul~ted light from rotating light trans-
mitter 62 is transmitted 1o stationary light receiver 85.
As illustrated in FIG. 2, the output of stationary light
receiver 85 is applied to the input of stationary digital
information receiver and storage circuit 87, the output
of which is connecied 10 an aircrafi recorder 89. The
package conuining digital information receiver and
storage circuit 87 has a eylindrical configuration, has a

AR L P T
S U PR Wl Tl Tl SOl Wil

58

65

concentric opening 90, and is rigidly connected to sta-
tionary cylindrical sleeve 23. The concentric opening
90 is sufficiently large to allow free rotation of shaft 27.

Referring to FIGS. 1, 2 and 3, the forward end of the
package containing circuit 87 has extending therefrom
stationary pins 93, 95, 97 and 99. Pins 93, 95 and 99
are short and pin 97 is Jong. Mounted on rotating shaft
is orientation light transmitting assembly 101 having
light transmitters 103 and 105, and orientation light re-
ceiver 107 having light receivers 109 and 111. The light
transmitter assembly 101 and the light receiver assem-
bly 107 are mounted on support member 113 in spaced
apart relationship and with light transmitter 103 in
alignment with light receiver 109 and light transmitter
108 in alignment with light receiver 111, The length of
short pins 93, 95 and 99 are selected to interrupt the
light transmitted from light transmitter 10§ and the
length of pin 97 is selected to interrupt the light from
light transmitters 103 as well as 105, From this it can be
seen that 90°, 180°% 270° and 360" reference positions
of shaft 27, and the rotating assembly, are electrically
determined. Also a positive 360° reference is available
because pin 97 imerrupts the light from light transmit-
ter 103 onceé each revolution or at 360", This provides
the required orientation of the rotating assembly with
respect to the stationary assembly.

The electric field measuring device 11 of the present

- invention is prevented from collecting condensate, due.

1o cooling, by passing dry air through both the station-
ary and rotating assemblies. This is indicated by the
dotted line arrows in FIG. 1. Dry air, which is supplied
by an aircraft source, enters through opening 118 in
support member 81 and exits through a plurality of
opening 117 formed around the periphery of the rear
section of the nose cone 13. It should be noted how-
ever, that the section containing the slip ring assembly
55 and brush assembly 57 is sealed and dry air is by-
passed through conduit 119, : L

The dielectric cylinder 15 is preferably made of glass.

Although glass has lesser dielectric characteristics then

tefion, teflon is not employed because it can maintain -
an unwanted charge on the surface due to handling and
the like. Also capacitor plates 17 and 19 are preferably
mounted on the interior of the sleeve 10 maintain them
in a dry condition rather than on the exterior.

What is claimed is: -

1. An electric field measuring device comprising:

a. a rotatzble assembly; :

b. 2 stationary assembly; :

¢. said rotatable assembly including means for pro-
viding an electrical signal that contains information
defining a condition; -

d. said electrical signal being operably connected to
an optical transmitter; B .

e. said optical transmitter being operably connected
to said rotatable assembly;

f. an optical receiver being operably connected to
said stationary assembly and positioned 10 provide
an optical coupling with the optical signal from said
optical transmitter; -

g. said rotatable assembly including a sleeve made of
dielectric material;

h. said means includes first and second capacitor
plates and signal processing meantg;

i. said first and second capacitor plates being spaced
apart and operably connected to said sleeve;

j- s0id first and second capacitor plates being opera-
bly connected to the input of said signal processing
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means; and

k. the output of said signal processing means being

operably connected to the input of said optical
transmitter. s

2. The device of claim 1 including:
a. an orientation optical transmitter assembly and an

orientation optical receiver assembly being opera-
bly connected to said rotatable assembly and being
spaced apart and spaced from the rotational axis of 10
said rotatable assembly; and . '
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b. an oriéntation means operably connected 1o said

6

stationary assembly for interrupting the transmis-
sion of energy from said orientation optical trans-
mitter assembly to said orientation optical receiver
assembly.

3. The device of claim 2 wherein:
a, said orientation means including a plunality of

spaced apan pins wherein one of said pins has a
greater Jength than the other pins %0 provide a rota-
tional orientation with respect 1o the other pins.
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_noise D. C. power from a stationary member to a rotat-

3,938,029

LOW NOISE DC POWER SUPPLY SYSTEM FOR
ELECTRONICS ON A ROTATING ASSEMBLY

BACKGROUND OF THE INVENTION s

1. Field of the lnvention

The present invention relates 10 a power supply sys-
tem and more particularly 10 a low noise floating D. C. -
power supply system.

2. Description of the Prior ARt

Low-noise D. C. power is normally required for satis-
factory operation of sensitive electronic equipment.
When the electronic equipment is mounted on a rotat-
ing shaft the supply of the D. C. power is normally
through brushes to slip rings mounted on the shaft or by
mounting a D. C. battery on the rotating shaft itself.
Brushes in contact with slip rings are invariably a
source of noise due to varying resistance during rota-
tion. Batteries are normally heavy, bulky and must be
periodically replaced or recharged. The floating D. C.
power supply system of the present invention over-
comes these difficulties by providing a D. C. power
supply system for electronics mounted on a rotating
assembly that has low noise characteristics and is of
small size and weight.

SUMMARY OF THE INVENTION

Briefly, the present invention comprises a low noise
D. D. power supply system that is particularly suited for
supplying D. C. power from a stationary source to elec-
ronics equipment mounted on a rotating assembly.
Brush and slip ring assemblies are used to transfer the
D. C. power to the rotating assembly and brush noise is
minimized by having non-inductive impedences on
both sides of the brush and slip ring assemblies. Float-
ing circuits are employed to transfer the D. C. power
from the stationary assembly to the rotating assembly
with the return reference ground being through the
brush and slip ring assemblies to the stationary assem-
bly. Higher than usual voltages are supplied to a capaci-
tor mounted on the rotating assembly 10 charge :the
capacitor providing reserve energy storage, providing a
voltage margin for further regulation and thus minimiz-
ing the effect of brush noise. 4

STATEMENT OF THE OBJECTS OF THE
INVENTION

An object of the present invention is to provide Jow

ing member,

Another object of the present invention is to provide
a floating ground D. C. power supply system;

Still another object of the present invention is to
provide a D. C. power system that employs capacitive $
storage;

A further object of the present invention is 10 provide
a D. C. power system that minimizes the noise intro-
duced by brushes and slip rings; and

A still further object of the present invention is 10
provide a floating D. C. power supply system that em-
ploys a low current flow path that provides a reference
10 ground.

Other objects, advantages and novel features of the
present invention will become apparent from the fol- 6
lowing detailed description of the invention when con-
sidered in conjunction with the accompanying draw-
ings wherein: .
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of the low noise D. C.
power supply system of the present invention; and

FIG. 2 is a diagram illustrating an equivalent circuit
10 explain the operation of the f{loating circuits of
the low noise D.C. power supply system of the
present invention. )

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In FIG. 1 is illustrated the low noise D. C. power
supply system 11 of the present invention for supplying
power to electronics equipment mounted on a rotating
assembly. FIG. 1 is divided into three parts: (1) the
components mounted on an zircraft, for example; (2)
the stationary mounted components on an electric field
measuring device, for example; (3) the rotatably
mounted components on an electric field measuring
device, for example. This power supply of the present
invention has been found 10 be particularly useful for
supplying high quality low noise D. C. power to an
electric field measuring device that is mounted on the
nose boom of a flying aircraft. Since atmospheric elec-
tric fields can be as low as several volts per meter it is
necessary to supply exceedingly low noise D. C. power
10 the rotating electronics of the electric field measur-
ing device which senses and processes the low level
signals received from these atmospheric fields. -

Mounted on the aircraft are battery 13, having a 28
VDC output, for example, recorder 185, isolating D. C.
to D. C. converter 17 having a +7.5 VDC output, for
example, isolating D. C. to D. C. converter 19 having a
+1.5 VDC output, for example, and isolating D. C. to
D. C. converter 21 having a = 20 VDC output, for
example. The aircraft mounted battery 13 has one side, ..
the positive side, for example, connected to the respec-
tive inputs of recorder 15 and D. C.10 D. C. converters *
17, 19 and 21. The other side of battery 13, the nega- .
tive side, for example, is connected to ground (the ..’
aircraft frame, fox example) and to the respective other :
inputs of recorder 15, and to D. C. 10 D. C. converters
17, 19 and 21. The ground output of D. C. 10 D. C. -
converter 17 is directly connected to aircraft ground by °
cable 23 and the ground output of D. C. to D. C. con- .
verter 19 is connected through resistor 25 to aircraft -
ground. Resistor 25 is selected to have a high value, for *
example 10 K ohms, for reasons 1o be bereinafier
explained,

As illustrated in FIG. 1, the input of recorder 18, the
outputs of isolating D. C. to D. C. converters 17, 19 and
21, and aircraft ground are respectively connected
through 2 plurality of l:ad wires 27 through 43 and
cable connectors to the stationary components of an
electric field measuring device, for example. The input
of recorder 15 is connected by lead wire 27 10 the
output of stationary electronics 45. The input to sta-
tionary electronics 45 is connected 10 the output of a :
slationary optical receiver 47 that may be an infrared . ,
phototransistor, for example. The outputs of isolating = '=-."-.*
D.C.10D. C. converter 17 are connected to the inputs 5. -1
of +5VDC regulator 49, for example, that supplies [ 1

regulated D. C. power to stalionary electronics 45. The
outputs of isolating D. C. to D. C. converters 19 and 21, "<~
through Jead wires 33, 35, 37, 39 and 41 are connecied ..
10 the respective brushes, schematically illustrated by
dotted lines, of brush assembly S1. The aircraft ground, -
through lead wire 43, is connected 10 the stationary - =~

Db e a S b b
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frame ground and 10 a plurality of brushes, schemati-
cally illustrated by dotled lines, of brush assembly 51.

Connected across lead wires 33 and 35 of the
+7.5VDC flaating power output of isolating D. C. to D.
C. converter 19 is capacitor 5§3. Connected across lead
wires 37 and 41 of the +20VDC floating power output
of isolating D. C. to D. C. converter 21 is capacitor 55,
Connected across lead lines 39 and 41 of the —20VDC
floating power output of isolating D. C. to D. C. con-
verter 21 is capacitor 57.

The slip rings, schematically illustrated by dotted
lines, of slip ring assembly 59 connect the output of
isolating D. C. 10 D. C. converter 19 10 the inputs of
SVDC, for example, rotating regulator 61. A capacitor
63 is connected across the input and ground of regula-
tor 61. The slip rings, schematically illustrated by dot-
ted lines, of slip ring assembly §9 connect the outputs
of isolating D: C. to D. C. converter 21 to the inputs of
= 15VDC, for example, rotating regulator 65. Capaci-
tor 67 is connected across the +20VDC input and
ground of regulator 65 and capacitor €9 is connected
across the —20VDC input and ground of regulator 6S.
The outputs of rotating regulators 61 and 65 are con-

“nected to the power inputs of rotating electronics 71.

The output of rotating electronics 71 is connected to
the input of rotating optical transmitter 73 which may
be an infrared light emitling diode, for example. In
response 10 an input signal, indicating an electric field,
for example, the light from rotating optical ransmitter
73 is transmitted across an air gap 10 the input of sta-
tionary optical receiver 47 where it’'is processed by
stationary electronics 45 and then applied 10 the input
of aircraft mounted recorder 15. .

It should be particularly noted that the grounds of
rotating electronics 71 and rotating regulators 61 and
65 are interconnected and are connected to the rotat-
ing-frame ground and to a plurality of slip rings, sche-
matically illustrated by dotted lines of slip ring assem-
bly 59. These slip rings are operably connected to the
respective brushes of brush assembly 51 that are con-
nected to the stationary frame ground arid to the air-
craft ground. :

The operation of the power supply of FIG. 1 is as
follows. At the outset it should be noted that a slip ring
and associated brush have a variable resistance contact
and current flowing through the contact will therefore

" generate a variable voltage drop which may be viewed

as undesirable noise. To reduce the noise across the
brush and associated slip ring it is desirable that the
impedcnce in both directions be non-inductive. For this
reason, 2nd to provide energy storage, large capacitors
are employed on each side and physically Jocated near
to the brush and associated slip ring. In FIG. 1 this is
illustrated with reference to isolating D. C. 1o D. C.
converter 19 by the use of capacitors 53 and 63. This is
also illustrated with reference to isolating D. C.to D. C.
converter 21 by the use of capacitor pair 55 and 67 and
capacitor pair §7 and 69. Resistor 25 is provided to
provide a high impedence current discharge path to
prevent converiers 19 and 21 from applying a leakage
potential to floating circuits 75 and 77 when the rotat-
able electronics are not in operation or are removed.-

Itshould be particularly noted that capacitors 63, 67°

.and 69 are selected 10 have Jarge values of capacitance,

“such as 10 or more microfarads, depending on the
.1 current requirement. Not only does this provide a ca-

pacitive impedence but it also provides a current
source which will supply current 10 the rotating regula-
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tors 61 and 65 when the resistance of the brush and
associated slip ring incrcases and thercby minimizes the
effect of brush noise.

It should be particularly noted that circuits 78 and 77
are floating. That is, without the rotating member these
circuits would be floating in that there is no connec-
tion, except through resistor 25, which has a high value,
10 any other circuit or D. C. reference such as aircraft
ground. It should be particularly noted however, that
these floaling circuits 75 and 77 have an aircraft
ground reference, through slip ring assembly 59 and
brush assembly 51 and Jead line 43, when the rotatably
mounted circuits are connected in place as shown in
FIG. 1.

In FIG. 2 is illustrated an equivalent circuit Hustrat-
ing the reason for coupling the ground of circuits 7§
and 77 through the brush and slip assemblies rather
than directly connecting 1o aircraft ground.

In FIG. 2 the noise signal generated by current
through brush contacts in the D. C. returns is illustrated

. by generator 79. Capacitive coupling between one

capacitive plate on the rotating member and the sta-
tionary frame is equal w0 C(8). a function of the angular
position of the rotating member. The capacitive plate is
held at ground by associated electronics in the rotating
frame. This is represented by the dotted lines connec-
tion 81. Should there also be a connection represented
by the dotted lines 85 between the D. C. retum 83 and

“the stationary frame 85 the completed circuit made by

this connection would induce a noise currerit V',
»/C(8) in the capacitive plates. This would, at best,

reduce the signal-to-noise ratio at the input to the rotat- -

ing electronics and, at worst (in the case of high gzin
configuration), saturate the electronics and eliminate
their further function. For this reason the entire supply
circuit of FIG. 1 must have no low-impedence connec-
tion to the stationary frame. )

Note also that since. the capacitance in FIG. 2 is a

function of angular position, 8, any D. C. voltage offset
Vocos will also appear as a signal on the capacitive plate
on the rotating frame. R is imporiant to minimize this
effect first by carcfully connecting the rotsting and
stationary frames electrically through multiple parallel
brush and associated slip ring contacts as shown in FIG.
1; second, by eliminaiing sources of current flowing
through these contacts; third, by constructing the ca-
pacitive plate and stationary frame exerior of the same
material to eliminate a contact potential difference
between the capacitive plate and siationary body and
last, by reducing the angular dependence of C(6) to a
minimum.

What is claimed is:

. 1. A low noise D. C. power supply comprising:

a. 2 stationary assembly and a rotatable assembly;

b. a brush assembly operably connected 1o said sta-
tionary assembly and a slip ring 2ssembly operably
connected to said rotatable assembly;

c. said brush assembly including at least first, second
and third brushes and said slip ring assembly in-
cluding at least first, second and third slip rings,
said first, second and third brushes being respec-
tively operably coanected to s2id first, said and
third slip rings; )

d. a stationary D. C. power source having one side
connected to a stationary ground. to said third
brush and to one input of a stationary D.C. 10 D.C.
converier and the other side connected 10 the other
input of said D. C. to D. C. counter;
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> " e. a first ouput of said stationary D. C. 1o D. C. con- a. 3 second capacitor connected between said first
' verter being connected to said first brush and a and second skip rings.
. second output being connected to said second 4. The device of claim 3 wherein:
brush; a. said second capacitor is greater than about 10
f. said first and second slip rings being connected t0 5 . hicrofarads.
a D. C. regulator mounted on said rotatable assem- g 1. device of claim 4 including:

a. a resistor operably connected between said second

g- the output of said D. C. regulator being connected < output of said stationary D. C. 10 D. C. converter

©rlogmeinpuotan decvonicasenbly owied 0 1 1o cne e of 5 ssomay D. €. power
. h. the ground of said electronics assembly and said - . < :
¢ - . id third sk 6. The device of claim § wherein:
¢ :::."d slip ring being connected to said third slip a. the D. C. voltage supplied 10 said second capacitor
i 2. The device of claim 1 including: is substantially greater than required to provide the
a. a first capacitor connected between said first and 1S required power supplied by said rotatable D. C.
second brushes. regulator,
3. The device of claim 2 including: . s s s
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(57) ABSTRACT

A digita! signal processor that is particularly suitable
for converting an analog input signal into a stored digi-
tal signal for serial transmission in short and long time
duration signals which will be indicative of the analog
input signal. The system employs a digital gain control
to maintain nearly uniform transmission signal levels,
two parity gencrators (0 assurc proper signal transmis-
sion, and a set-reset {lip-flop shift register and logic
system for controlling the output of the serially con-
nected shift register containing the information to be
serially transmitted.
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DIGITAL SIGNAL PROCESSOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a digital signal pro-
cessor and more particularly 1o a digital signal proces-
sor that converts analog information into digital infor-
mation and stores the digital information for subse-
quent pulse modulation serial data transmission.

2. Description of the Prior Ant

One of the difficulties in prior art digital signal pro-
cessors is that they have been rather complex and of
relatively large size. This has been especially disadvan-
tages in situations where the processor must be air-
borne and be built into a relatively small package. This
present invention has overcome these difficulties by
providing a digital signal processor that performs both
storage and control functions and is reliable, compact
and is light in weight.

SUMMARY OF THE INVENTION

Briefly, the present invention comprises a digital
signal processor that is particularly suitable for con-
verting an analog input signal into a stored digital signal
for serial transmission in short and long time duration
signals which will be indicative of the analog input
signal. The system employs a digital gain’ control to
maintain nearly uniform transmission signal levels, two
parity generators to assure proper signal transmissions,
and a set-reset flip-flop shift register and logic system
for controlling the output of the serially connected shift
register containing the information to be serially trans-
mitted.

In addition, this digital control system of the present
invention is particularly suited for being mounted on a
rotating shaft and the digital rotating electronics may
serve several primary functions, although the circuitry
is designed fo economy of size and part count such that
the function may be interdependent. The conversion to
digital, from an analog signal input, and storage of the
digital signal in a shift register for subsequent sérial
data transmission is one of the chief functions of the
system. Another function that the system is capable of
performing is the digital sequence control of an analog
circuit for acquisition of the analog input signal. Still
another function that the system is capable of perform-
ing is the conversion of the digital data and other digital
information, including parity bits, in serial format to a
pulse width modulated light beam such as shown and
described in U.S. patent application Ser. No. 486,035
now U.S. Pat. No. 3,917,996 by Peter B. Wagner filed
on July 5, 1974, Still another function that the system
is capable of performing is the digital control of gain
circuitry (See to-pending patent application, Navy
Case No. 58,393.) based upon the magnitude of the
digital output from the analog to digital convertor. The
purpose of the gain control is 10 automatically keep the
analog signal input to the digital convertor is a high
accuracy operating region of the convertor.

STATEMENT OF THE OBJECTS OF THE
INVENTION

An object of the present invention is to provide a
light weight, compact and reliable digital signal proces-
sor;

Another object of the present invention is to provide
a digital signal processor that will receive an analog
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signal. convert the analog signal into a digital format
and store the digital information for subsequent serial
transmission;

Still another object of the present invention is to
provide a digital signal processor that will receive an
analog signal, convert the analog signal into a digital
serial format for conversion into a pulse width modu-
lated signal;

A still further object of the present invention is to
provide a digitat signal processor that employs parity
bits to assure accurate transmission;

A still further object of the present invention is to
provide a digital signal processor that employs gain
control that may regulate the magnitude of the incom-
ing analog signal.

Other objects, advantages and novel features of the
invention will become apparent from the following
detailed description of the invention when considered
in conjunction with the accompanying drawings
wherein: '

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B together comprise is a schematic
diagram of the digital signal processor of the present
invention;

FIG. 2 is a diagram illustrating the operation of the
digital signal processor of FiGS. 1A and 1IB;

FIG. 3 is a schematic diagram of the counter and
switching logic of the circuit shown in FIGS. 1A and
1B; and

FIG. 4 is a timing diagram illustrating the operation
of the counter and switching circuit of FIG. 3 and how
it relates to the overall invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT .

In FIGS. 1A and 1B is shown a schematic disgram of
the digital signal processor 11 of the present invention.
It should be noted that the incoming signal is an analog
signal V,, from amalog signal processor 121 that is
applied to one of the inputs of analog 1o digital conver-
tor 13. (Analog sigmal processor 121 may be of the type
shown and described in co-pending patent application,
Navy Case No. 58,393.) Normally the analog signal
Vew Will be in the range of =+ 10 volts, for example, and
therefore to provide sufficient resolution, the digitized
binary word repesesenting V,, is selected 10 have 10
bits, for example. Therefore, the least significant bit
will represent about 20 milivolts which is sufficient
resolution for most purposes.

Analog to digital convertor 13 is of standard design
and will therefore not be described in detail. However,
the 10 bit output is represented by the symbols V,, V,.
V,, V,, V., V" V. V,, v.' and v. and \vhel‘e V. iS l‘%
most significant dit (MSB) and V, is the least signifi-
cant bit (LSB). In order to illustrate operation of digital
signal processor 11 numerical values have been se-
lected for the bit symbols V, through V, as shown in
FIG. 1 of the drawings.

The V, through V; outputs of analogs to digital con-
verior 13 are applied in parallel to serial shift register
15 and the parity generator 17. The function of serial
shift register 15 is to store and serially transfer, bit by
bit, the coded bit information contained therein, as well
as the coded bit information transferred thereto from
register 23, on command and as hereinafter described
in detail.

RSV SISO CRWEAGEN, S0 ACH, CWIE I
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The function of parity generator 17 is to provide
assurance that the information shifted from shift regis-
ter 18 and ultimately transmitted by transmitier 19 is
the correct and accurate information that was digitized
by analog to digital converter 13. Parity generator 17 is
selected to provide a 1 output signal when the ] bits
sensed thereby are odd and a O or no signal when the 1
bits sensed thereby are even. That is, odd 1's = 0 bit
and even 1's = 1 bit. Therefore, using the example of
FI1G. 1 it can be seen that the bits V,, V,, V; and V,are
1's and comprise 4 bits and therefore the parity output
signal Pyon line 18 is a 1. That is, Po= 1.

This Py = | bit is stored in the P, position of serial

" shift register 23. Serial shift register 23 is an eight bit

register and the bit positions from right to left are desig-
nated Py, V,..V,, W, G, G,, G, and P, the functions of
which will be hereinafier explained.

The input to serial shift register 23 for the positons
Py. Vi, Va, W, G,, G,, G, and P, are respectively 1, 0,
1,1,0,0, 1,0, for example. The V, and V, bits have
been previously described as being part of the digitized
Veu signal where V, is the least significant bit (LSB). P,
is the parity bit from parity generator 17 and is a 1 for
reasons previously explained. W is a control bit which
will be hereafter explained and the gain control infor-
mation G,, G,, and G bits are bits which will also be
hereinafter explained. Parity bit P, on line 25 is derived
from parity generator 27. From FIG. 1 it can be éeen
that the inputs 10 parity generator 27 are V,, V,, W, G,,
Gy, and G¢ and are shown respectively &8s 1,0, 1, 0, 0,
1. The function of parity generator 27 is similar to that
of parity generator 17 in that it provides assurance that
the information shifted from serial shift register 23 and
ultimately transmitted by transmitter 19 is the correct
and accurate information that was digitized and stored
in serial shift register 23 which was obtained in pant
from analog to digital convertor 13 (V, and V,), in part
from counter and switching logic 71 (W) and in pant
from gain changer 75 (G,. G, and G¢). Parity genera-
tor 27 is selected to provide a 1 output when the 1 bits
sensed thereby are even and a 0 when the 1 bits sensed
thereby are odd. That is, odd 1's =0 bit and even 1's =
1 bit. Therefore, using the example of FIG. 1 it can be
seen that the bits V,, W and G, are 1's and therefore
comprise 3 bits and, therefore, the parity generator
output signal P, on line 25 is a 0. That is, P, = 0.

In addition, the parity bit generated by parity genera-
tor 27 is also applied to the serial input 29 of shift
register 23. When shift pulses are applied to shift regis-
ters 23 and 15 on line 33, the serial parity bit on line 29
is shifted into shift register 23 and on through shift

" register 15 as hereinafter explained. The purpose is to

make available an 18 bit word from the two 8 bit shift

16 and 17 as well as in positions 15 (P, ). Entry of parity
in an odd number of positions in the second half of the
18 bit overall word does not alter the resultant parity of
that second half of that word. These three P1 parity bits
are also shown in FIG. 2 as P,, P,, and P,.

It should be noted that shift registers 15 and 23 are
serially connected by line 31 and the digital informa-
tion will be serially shifted, from left to right, through
these two registers, bit by bit, upon command from
each sequential signal pulse that appears on line 33
which will be obtained from AND gate 34 as hereinaf-
ter explained. It should be noted that the time duration
of the pulse from AND gate 34 is 1,. The output from
line 61 of shift register 15 will be applied to one input
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of AND gate 35 the output of AND gate 38§ which will
be applied to the input of one shot mulivibrator 37
which is selected to have a signal time duration of r,. It
should be noted that i3 > 4.

Referring to FIGS. 1A, 1B and 2, analog 1o digital
convertor 13 provides an output signal on line 39 when
data appears on all of the outputs V, through V,. When
this condition occurs the latch inputs to shift register
15, shift register 23 and the set input to flip-flop 41 are
activated. When this occurs then a continuous | or up
signal will appear at the output of flip-flop 41 on line 45
and therefore a sesies of 1°s will be clocked into 18 bit
shift reigster 47 from line 48 which is connected 1o the
output of clock 43. After 18 bits have been shifted into
shift register 47 then clock 43 will shift out the first
entered bit (which will be a 1) which will be simulta-
neously applied to the input of AND gate 34 and to the
reset (RS) input of flip-flop 41. When the 1 signal is
applied 10 the reset input of flip-flop 41 then the output
therefrom will be a @ which will appear on line 45. This
will remain at 0 umtil & new data complete pulse ap-
pears on line 39 from analog to digital convernor 13.
Therefore a 0 will remain at the input of shift register
47 until a set signal is received on line 39. After the
input to register 47 goes 10 O then 18 one bits will be
shifted out and applied to the input of AND gate 34.
Since clock pulses are also being applied to AND gate
34 on line 58 then 18 pulses will appear in sequence at
the output of AND gate 34 and on lines 33, 49, S1 and
53. Y

When the series of the 18 pulses are occuring then
the shift registers 1S and 23 are shifting and line 51 of
AND gate 35 is receiving these sequented pulses and
line 53 of OR gate S5 is also receiving these sequented
pulses each ¢, in length. When a 1 is present on the
output 61 of shifs register 15, one shot multivibrator 37
is triggered and pulse 1, in length appears on line 63.
The 1, pulse on line 63 extends beyond the 1, pulse on .
line 8§3. The result is that a pulse 1, to 1, in length ap-
pears at the output 65 of OR gate S5 depending on
whether shift register 15 outputonline 6lisalora 0,
respectively. When the output of AND gate 34 is 0 then
no shift signals are applied to the input of shift registers
15 and 23, no signal is applied to line 51 of AND gate
35 and no signal is applied to the line 53 of the input of
OR gate 58. In F1G. 2 is illustrated the opertion of the
above described digitized signal processor when the
previously defined conditions prevail.

The overall system is initiated and generally con-
trolled by counter and switch logic 71 of FIGS. 1A, 1B
and 3. In FIG. 3 is also shown a stationary orientation
assembly 73 including a long pin L (indexed as 1) and
a pluraltiy of short pins (indexed as 2,3 and 4) and long
and short pin sensors which cooperate with the long
and short pins. The details of operation of this assembly
will not be described herein since they are shown and
described in patent application Ser. No. 486,035, The
outputs of the long sensor (index) is connecied to the
input of counter and switching logic 71 and the cutput
of the long and short sensor is connected to another
input of counter and switching logic 71,

The operation and sequences of switching of the
various switches 127, 129, 131, 133, 145, 147,149 and
151, and the start signal on line 69 for the start of ADC
13 the word (W) on line 70 and the gain charge signal
on line 79 are shown in FIG. 3 and in the timing dia-
gram of FIG. 4 along with the positions of the short and
long pin signals. 1t would be obvious to one skilled in
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the art to design the various switching elements and
logic of counter and swnchmg logic 71 to obtain the
appropriate sngnals on the various output lines as de-
fined in FIGS 2, 3 and 4 and the details thereof will not
be described. S
It should be particularly noted that the circuit of
FIGS. 1A and 1B, as explained in conjunction with the
timing diagram of FIG. 2 is sufficient 10 stand by itself
as a separate and independent invention to perform the

Y function of converting a given DC signal on line 156
into a digital pulse modulated signal on line 65 that may
be then transmitted by transmitter 19. Many different
various gain control schemes for G,, G, and G, and
word index schemes for W could be also employed.

The purpose of showing the specific counter and 15
switching logic schemes of FIGS 3 and 4 is to more
completely illustrate how the digital signal processor 11
of the present invention may be used in an electric field
measuring device such as shown in patent application,
Ser. No. 486,035 and with an analog signal processor 20
such as shown and described in Navy Case No. §8,393.

Gain changer 75 may be responsive to either the
analog signal V,,, or its digital equivalent (such as the
first 4 or S most significant digits) as shown by line 80.
Many different types of gain changer devices 75 could 2$
be employed; however, its basic function is to assure
that the analog signal processor 12 provides a signal
Ve that is within an acceptable voltage range. If not
then the gain changer must modify the amplification
level of the analog signal processor 12 by a signal over 30
line 77 to increase or decrease the gain level. In this
particular example three gain levels are shown bits G,,
Gy and G¢, which represent low, medium and high
gains. In the example given a high gain isused (G, =G,

- =0, Gc = 1). Therefore, analog signal processor 12 is 3§

. operating at a high gain and it is important that this

information be transmitted over transmitter 19 so that

an accurate measure of the V,,, signal is known. This is

done by identifying the G, G, or G¢ signal that is being

used and inserting this information into shift register 23 40.

for subsequent transmission.

: What is claimed is:

- 1. A digital signal processor comprising

a. an analog to digital convertor for convérting ana-
log information into digital information comprising 45
bits of 1°s and 0's;

b. at least one shift register;

c. at least one parity generator;

d. said digital information from said analog to digital
convertor being transmitted to and stored in said at 50
least one shift register and transmitied to said at
least one parity generator;

e. said at least one parity generator provndmg output
information defining whether the number of 1 bits
transmitted thereto was an odd number or an even 55

¢ number;

. f. said output information from said at Jeast one par-
ity generator being applied and stored in said at
least one shift register,

g. first means for serially shifting out the information 60
bits stored in said at least one shift register 1o sec-
ond means for converting the O's from said at least
one shift register into pulses of a first time duration
1, and 1°s from said at least one shift register into
pulses of a second time duration 1,; . (1]

h. .»id analog to digital convertor provides a first
¢ iput signal when the conversion of the analog
information into digital information is complete;

0
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i. said first output signal being applied 10 the enable
input of said at least one shift register and to the set
input of a first flip-flop circuit;

j- the output of said first flip-flop circuit being applied
1o the input of a control shift register;

k. an oscillator having its output connected 10 an-
other input of said control shift register; and

1. the output of said control shift register connected
to second means for controlling the shift sequence
of said at least one shift register.

2. The digital signal processor of claim 1 wherein:

a. said second means includes a first AND gate and a
feedback from said output of said control shift
register 10 the reset input of said flip-flop;

b. the output of said control shift register connected
to one input of said first AND gate and the output
of said oscillator connected to the other input of
said first AND gate; and

c. the output of said first AND gate being connected
1o the shift input of said at least one shift register.

3. The digital signal processor of claim 2 wherein:

a. the input of said control shift register receives an
input signal for a first predetermined number of
clkeck pulses and the output of said control shift
register provide no output signal for said first pre-
determined number of clock pulses and at the end
of said predetermined number of clock pulses said
output of said control shift register provides an
output signal that is applied to the reset input of
said flip-flop; whereby

b. no signals are applied to the input of said control
shift register for a second predetermined period of
time; whereby

c. said second predetermined period of time is the
same as said first predetermined period of time.

4. The digital signal processor of claim 2 wherein:
a. the output of said first AND gate being connected
to one input of a second AND gate and to the input
of a first OR gate; -

b. the output of said at least one shift register being
connected to the other input of said second AND
gate; and

c. the output of said first AND gate being connected
to the other input of said OR gate.

.- A digital signal processor comprising:

a. an analog to digital convertor for converting ana-
log information into digital information comprising
bits of 1's and O's;

b. at least one shift register;

c. at least one parity generator;

d. said digital information from said analog to digital
convertor being transmitted to and stored in said at
least one shift regisier and transmitted to said at
least one parity generator;

e. said at least one parity generator providing output
information defining whether the number of 1 bits
transmitted thereto was an odd number or an even
number;

f. said output information from said at least one par-
ity generator being applied and stored in said at
least one shift register;

g. first means for serially shifting out the information
bits stored in said at least one shift register to sec-
ond means for converting the 0's from said at least
one shift register into pulses of a first time duration
1, and said 1's from said at least one shifi register
into pulses of a second time duration r,;

h. said at least one shift register are first and second
shift registers;
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i. said at least one partity generator are first and
second parity generators;

§- afirst predetermined group of bits from said analog
to di;iul processor are applied and stored in re-
spective inputs of said first shift register;

k. said first predetermined group of bits being applied
to the input of said first parity generator;

I. the output of said first parity generator being ap-

plied to and stored in one input of said first shift

register; _

m. a second predetermined group of bits from said
analog to digital processor are applied to and
stored in respective inputs of said second shift reg-
ister;

n. a gain changer having a predetermined number of
output signals indicating gain; and

0. said predetermined number of output signals being
applied and stored in respective inputs of said sec-
ond shift register and applied 10 the respective
inputs of said second parity generator.

6. The digital processor of claim § wherein:
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a. the output of said parity generator being applied to
and stored in one input of said second shift register;
and

b. said output of said parity indicator also being ap-
plied to the last digit signal reception input of said
second shift register.

7. The digital processor of claim 6 including:

a. a counter and switching logic circuit providing a
first position signal W;

b. said first position signal W being connected to and
stored in another input of said second shift register
and applied to another input of said second parity
generator; and

c. a second output of said counter and switching logic
being connected to the start input of said analog to
digital convertor, and a third output of said countey
and switching logic circuit being connected to the
input of said gain changer.
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ANALOG SIGNAL PROCESSOR

BACKGROUND OF THE INVENTION

1. Ficld of the Invention

The present invention relales to an analog processing
circuit and more particularly to an analog processing
circuit that is capable of processing very low diffcren-
tially ahernating current to a proportional d.c. voltage
outpuL -

2. Description of the Prior Art

Prior analog processing circuits have been unable to
properly automatically detect and process successively
diffcrent selected phase components from a very low
differential altcrnating current input signal to a propor-
tional d.c. voltage output suitable for digital processing
where the input signal is widely variable in magnitude
and phase and contains comparable or higher levels of
harmonic signals and other undesirable noise. The pre-
sent invention overcomges these difficultics by provid-
ing a phase discriminating analog signal processor that
is capable of processing such signals having a very low
frequency and strength into proportional d.c. voltage
output signals suitable fur digital processing.

SUMMARY Of THE INVENTION

Briefly, the present invention comprises an analog
signal processor that is particularly suitable for measur-
ing, integrating and holding a single or a pair of analog
signals. The input signal to the analog signal processor
may be sinusoidal, of relatively low frequency and of
low signal strength and slowly varying phase such as
may be obtained from a pair of capacitive plates used in
electric field measuring devices. The analog signal pro-
cessor includes an analog current to voliage convertor,
a synchronous rectifier and an integrate and hold cir-
cuit. In practice the analog signal processor may be
mounted on a rotating shaft and converts the very low
differentially alternating current input to a propor-
tional d.c. voltage output. The analog signal processor
includes timing and switching circuits to provide the
desired information about vertical, horizontal and ‘in-
clined electric ficlds.

STATEMENT OF THE OBJECTS OF THE
INVENTION

An object of the invention is to provide an analog
signal processor that is compact and reliable.

Another object of the present invention is to provide
an analog signal processor that is capable of processing
Successivcly different choices of phase of very low
differential alternating currents to proportional d.c.
voltage outputs in the prescnce of input noise including
comparable harmonic signals.

Sull another object of the present invention is to
provide an analog signal processor that can mcasure,
integrate and hold a singlc or a pair of analog signals.

S1ill another object of the present invention is to-

provide an analog signal processor that may be
mounted on a rotating shaft. .

A still further object of the present invention is to
provide an analog signal processor that may be used in
conjunction with an electric field mcasuring device.

Other objects, advantages and novel features of the
invention will become apparcnt from the’ following
detailed description of the invention when considered
in conjunction with the accompanying drawings
wherein:
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BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is 2 schematic diagram of the analog signal

_pror . 7r of the present invention;

F1G. . is a diagram illustrating the various input sig-
nals th.t may be processcd by the analog signal proces-
sor of the present invention whercin possible noise,

. offsct levels, signal harmonics are omitied for reasons

of clarity; . :

FIGS. 3A and 3B arc wave form and timing diagrams
illustrating the opcration and output of the synchro-
nous rectificr and the operation of the integrate and
hold circuit of FIG. 1 for typical vertical und horizontal
ficld measurcments, respectively;

F1G. 4 is a diagram illustrating the integrate, hold and
dump operation of the intcgrate and hold circuit and
the output thereof which is part of the analog signal
processor FIG. §; and

FIGS. SA through SE illustrate the operation of the
synchronous rectificr and intcgrate and hold circuits
during one cycle of the vertical field measurement
operation, :

" DESCRIPTION OF THE PREFERRED
) EMBODIMENT

In U.S. Pat. No. 3,917,996 issucd Nov. 4, 1975, by
Pcter B. Wagner is described an electric ficld mecasur-

- ing device. More particularly, in this patent application

is described an electric ficld measuring device that is
particularly suited for being mounted on the nosc boom
of an aircraft for periodically mcasuring the atmo-
spheric electric ficld intensity and orientation. The
device includes a rotating assembly that includes a pair
of capacitor plaes._analo; signal processing equip-
ment, digital processing equipment, a slip ring assem-
bly, oricntation Kght transmitter and rccciver asscm-
blies and an information light transmitter. All of these
elements arc mqunted on a rotmtable shaft that is driven
by an clectric motor. The light from the rotating infor-
mation light tramsmiticr is reccived by a stationary
information light recciver, the output of which is ap-
plied to the input of a siationary digita! recciver and
storage device. Floating d.c. power is transmitted by a
brush assembly through the slip ring assembly 10 the
rotating electrical equipment

In this patemt application is a description of the
method for genesating signals proportional to the atmo-
spheric electric ficld that is being investigated. This is
achicved by positioning the electric ficld measuring
device at different locations within the atmospheric
electric field. This is preferably achicved by mounting
the electric ficld measuring device on the nosc of an
aircraft and persiodically measuring the elcctric ficld

intensity and oricntation as the aircarft flics through S

the atmosphere. The electric ficMd is mcasured in two of

its threc vector components, namely the horizontaland - .- -

vertical components.

The elcetric field measuring device includes a pairof -
capacitive plates 17 and 19 that are preferably of metal .0
foil that are mechanically and elcctrically separated .- 0"
and arc rotated at a predetermined rate. By referringto -7

U.S. Pat. No. 3.917,996 and to F1G. 1 of the present
invention it can be seen that an analog signal processor -
101 includcs an analog current to vohage covertor 103 -

(45) and the sy;nchronous rectificr 105 (47) and an =
integratc and hold circuit 107 (47) which are the sub- - "=
jecis of the present invention. I should be noted that -

the capacitive plates 17 and 19, the analog current to -
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voltage convertor 103 and the synchronous rectificr
105 and the integrate and hold circuit 107 may be all
mounted for rotation. .

Typical signals that may be oblaincd from capacitive
plates 17 and 19 arc shown in FIGS. 2A through 2E. 5
These signals are of general sinusoidal configuration
and will vary in amplitude und phasc depending upon
the particulur ficld that is being mcasured. The fre-
quency is sclected ‘to be about 400 rpm (6.67 rps)
which is determined primarily by the ratc of rotation of 10
the rotatable assembly shown in US. Pat. No.
3.917.996. The solid linc curves of FIGS. 2A through
2E rcpresent the A signal from capacitive plate 17 of
FIG. 1 and the dotted linc curves of FIGS. 2A through
2E rcpresent the B signal from capacitive plate 19 of 15
FIG. 1. Thc lower Jlimit of the rate of rotation is deter-
mincd by the sensitivity of the analog electronics, ccr-
tain current leakage considerations about the capaci-
tive plates, and by the desired spacial revolution when
flown on an aircraft or the like. The maximum limit of 2¢
the rate of rotation is determinced by the wear rate or
Jifc expectancy of the mechanical rotating pants as well
as by the availuble band width of the instrumentation.

" The typical amplitude of the ficld induccd current
from platcs 17 and 19 will vary from zero to about 1077 25
amperes. Currents that are 107 amperes are those that
may be typically encountered in a thundcr storm, for .
example. If larger currents were introduced it would be
required to make circuit modifications that would be
obvious 10 one skilled in the arnt. 1t should be noted that 30
capacitive plates 17 and 19 arc preferably maintained

at zero voltage level. It is to be understond that the
analog signal processor 101 of the present invention
may be used in virtually all situations where it is desir-
able to mcasure, integratc and hold either a singlc ora 3§
pair of analog signals. '

In F1G. 1 is illustrated thc analog signal proccssor
101 of the present invention. The analog signal proce. |
sor 101 includes an analog current to voltage convenor
103 (referred to as 45 in U.S. Pat. No. 3,917,996), a 40
synchronous rectificr 105 (referred to as 47 in ULS. Pat.
No. 3.917.996), and an integratc and hold circuit 107
(referred to as 47 in U.S. Pat. No. 3,.917,996).

The analog current to voltage convertor 103 includes
two identical sections 109 and 111 and thercfore only 45
scction 109 will be described below in detail. The ficid

“signa) A of FIGS. 1 and 2 is derived from plate 17 and
is applied to the invcrting input 113 of opcrational
amplifier 115. The non-inverting input 117 of opera-
tional amplifier 118 is connccted to ground. Opera- 5¢
tional amplifier 118 amplifics the difference between
the signal applicd to the inverting input 113 and the
signal applied to the non-inverting input 117. The oper-
ational amplifier 115 has an extremely high gain, a
factor of about 10% to provide sufficient amplification 5§
for low lcvel incoming signals. The output of opera-
tional amplifier 118 is applicd to a plurality of clec-
tronic switches 119, 121, and 123 and through a feed-
back network including resistor 125, This funclions as
a negative feedback to the inverting input 113 and &
therefore reduces the voltage level between plate 17 (A
signal) and the ground potential. This is necessary to
provide for the high gain of operational amplifier 118.-

-

<

-

_.Side by sidc diodes 116 and 118, having high resis-

w

" tance,. are employed to protect opcrational amplificr 6
115 by shunting abnormally high currents to ground.
Switches 119, 121 and 123 function to control the
overall gain of the circuit and are controlied by an

automatic gain control circuit 124 when the magnitude
of the analog output signal V,,, becomes tao high or
100 low. Many different automatic gain control circuits
could be used and therefore the details of circuit 124
will not be described herein. The operation of switches
119, 121 and 123 will be described in detail as follows.
When switch 119 is closed, and switches 121 and 123
arc open, then the output voltage V =/IR=V,, whcre R
is the resistance of resistor 125 and 1 is the current from
plate 17. However, when switch 121 is closed, and
switches 119 and 123 arc open, then V, = (R, +Ry/R,)
IR and therefore V>V . By sclecting different resis-
tances for Ry and R, then V,>>V,, by closing switch
123 and opening switches 119 and 121.: From the fore-
going it can be scen that the output voltage V., may be
maintained at an acccptable kevel cven though the
value of the charge A on plate 17 variex over a wide
range. In situations where it is nccessary to employ a
smaller bandwidth it will be desirable to shunt resistor
125 with a capacitor 126 shown in dotted lincs,

. In F1G. 1 is shown synchronous rectificr 105 which

" includes four electronic switches 127, 129, 131 and

133. Switich 127 connccts the V,, signal to the negative
input of diffcrential voltage amplificr 135 through re-
sistor 137 and switch 131 connects the V, signal to the
negutive input of differential voltage amplificr 138
through resistor 137. Switch 133 connects the V, signal
to the positive input of differential voltage amplifier
135 through resistor 139 and switch 129 connccts the
V, signal to the positive input of differcntial voltage
amplifier 135 through resistor 139. Thesc switches
operate in pairs and have alticrnative action. That is,
when switches 127 and 133 arc closed then switches
329 and 131 arc open uand converscly when switches
127 and 133 arc open then switches 129 and 131 are
closcd. Resistor 140 is pluced between the positive
input and ground. Differcntial voltage amplifier 135 is
made to have unity gain by sclecting the proper values
for resistors 137, 139, 140 and 141, which is in the
feedback loop. Referring to FIG. 2A, for example, it
cun be scen that differential voltage amplificr will in-
vert and add the V, and V,, signals so that the resuhting
signal will be the sum of V=V, when the switches are
in the position shown. When the four switches are re-
versed then the output from amplificr 135 will be V=
V. It should be noted that the switching times and
sequences may be varied in accordance with the partic-
ular ficlds being measured and the particular informa-
tion desircd. Onc particular switching sequence, for
vertical ficlds, is shown in FIG. 5. Other switching se-
guences will be obvious 10 onc skilled in the art from
the following discussion of FIGS. 3, 4 and 5. Many
diffcrent types of switch control circuits 156 could be
uscd and therefore the details of circuit 156 will not be
described herein. However, it should be nated that the
switching by switch control circuit 156 must be in ac-
cordance with the above description of operation and
in accordance with the various timing disgrams.

In FIG. 1 is shown the integrate and hold circuit 107
which includes an amplificr 143, an integrate switch
145, a hold switch 147, and a pair of dump switches
149 and 151 which are operated as a pair. The dump
switches 149 and 151 function to short integrating
capacitor 153 through resistor 158 to ground when it is
desired to discharge the capucitor 153 as hercinafier
explained.

During that period of time that it is desired to inte-
grate the incoming signal, then switch 148 is closed,
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switches 149 and 151 arc open and switch 147 is open.
Therefore capacitor 153 will become charged to d.e.
level that corresponds to the intcgration of the signal
¢ V. shown in FIG. 3A which reprcsents the mcasure-
ment of a vertical ficld, for example. In FIG. 4 is illus-
trated the signal V,,, that will appecar at the output of
amplificr 143 during the first two cycles of FIG. 3A.
From FIG. 4 it can be scen that afier the intcgration
time, then switch 145 is opened, switch 147 is closed
and switches 149 and 151 arc open. This is referred to
. as the hold period. Switch 147 is employcd 1o assure
that any extrancous charges will be shunted to ground
and will not be applicd to. integrating capacitor 153
which would provide erroncous rcadings. Effectively
the amplifier continucs 10 intcgrate with time the
groundcd (zcro) input and therefore no change in V,,,
results. During this hold period the signal V., will be
rcad and recorded by external circuitry, not shown.
After a suitable hold period switches 149 and 151 arc
closed thereby discharging or dumping integrating ca-
pacitor 153 through resistor 15§ to ground. This is
referred to as the dump period. After the dump period,

the cyclc is then repeated.
1t should be noted that FIGS. 3A (for the first inte-
grate, hold and dump cycle), FIG. 4 (for the first inte-
grate, hold and dump cycle) and FIG. § arc to taken
together and show the complete switching sequence,.
timing and operation of synchronous rectifier 105 and
integrate and hold circuit 107. This sequence is consid-
ered sufficient 10 clcarly demonstrate the operation of
the system. To completely describe all possible switch-
ing modes and combinations would unduly complicate
- the description and would be obvious to onc skilled in
( the ant. Resistor 155 is used to somewhat limit the
- discharge rate of the capacitor through switches 149

and 181, ‘.

Switches 148, 147, 149 and 151 are controlled by
switch control circuit 157. Many differcnt types of

...............
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switch control circuits 157 could be-uscd and therefore *°

the details of circuit 157 will not be described herein.
However, it should be noted that the switching by
switch control circuit 157 must be in accordance with
the above description of operation and in accordance
with the various liming diagrams. With the low fre-
quencies involved solenoid mechanical switches could
be employed, however, it is preferable 1o employ elec-
tronic switching.
.. What is claimed is:

1. A analog signal processor comprising:

2. an analog current to voltage convertor;

b. a synchronous rectificr;

¢. an intcgratg and hold circuit;

d. said analog current to voltage convertor includes

first and second operational amplifiers;
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¢. first current means for producing a first alternating
cursent signal and sccond current means for pro-
ducing a scoond alicrnating current signal that is
180° out of phasc with respeet 10 said first alicrnat-
ing current signal;

f. said first currcnt meuns being connccied 10 the
input of said first opcrational amplifier;

g. said sccond current meuns being connccted to the
input of said sccond opcrational amplifier; )

h. the output of said first opcrational amplificr and
the output of said sccond operational amplificr
being connected to the input of said synchronous
rectifier;

i. mcans for controlling suid synchronous rectificr
whercby the ncgative porntion of the autput siganl
from said sccond operation amplificr is inverted
and added to the positive portion of the autput
signal from said first opcrational amplificr and the
ncgative portion of the output signal from said first
operational amplificr & inverted and sdded to the
positive portion of the oulput signal from said scc-
ond opcrational amplificr;

j- the output of said synchronous rectificr being con-
nccted to the input of said imegrate and hold cir-
cuit; whereby

k. the output of said intcgrate and hold circuit indi-
cutes a d.c. voltage output that is proportional to
the output of said synchronous rectifier.

2. The analog signal processor of claim 1 including:

a. said intcgrate and hold circuit including an ampli-
fier; and o

b. an integrate switch connected between the output
of said synchronous rectifier and the input of said
amplifier.

3. The analog signal processor of claim 2 including:

a. a hold switch connccied between said input of said
amplificr und ground. .

4. The analog signal proccssor of claim 3 including:

a. an inlegrating capacitor connccted between the
input and the output of said amplificr.

§. The analog signal processor of claim 4 including:

a. first and second dump switches connccied in series
with each other and in paralie] with said integrating
capacitor; and

b. a resistor connccted between said first and second
dump switches and ground.

6. The analog signal processor of claim § including:

a. switch control means for closing said incgrate
switch and opcning said hold and first and second

dump switches during the 360° time period of said L

first and sccond alicrnating currenmt signals, then .
closing said hold switch and opcning said intcgrate .
and first and sccond dump switch and then opening

. suid intcgrate and hold switch and closing said first © -

and sccond dump switches.
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PULSE-WIDTH DEMODULATOR AND
INFORMATION STORAGE DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to s pulse-width de-
modulator and information storage device and more
particularly to a pulse-width demodulator and informa-
tion storage device that converts and stores pulse-width 10
modulated data into digital data and can distinguish
between the words of pairs of received words.

2. Description of the Prior Art

Ope type of prior pulse-width demodulators and in-
formation storage devices have had the dissdvantage of 15
attempting to use a single clock for controlling the
transmitted data and for controlling the recorder and
the clocking out of the stored data to the recorder. The
difficulty encountered with these type devices has been
in attempting to synchronize these two controls to a
single clock. Other prior systems have used dual clocks
to control the dual systems and a serial buffer to store
the binary dats. The disadvantage with these systems
has been that the buffer often contains much unwanted
data and the readout to the recorder includes both the
wanted data and the unwanted data. In addition, other
systems have been generally very complex. . ’

The present invention overcomes these difficulties by -
providing a relatively simple system that employs a pair
of asynchronous clocking systems. One clocking system
is used for controlling the transmitted data and the otber

20

28

_ independent clocking system is used for controlling the

recorder and clocking out the stored data to the re-
corder. In addition, the storage and readout system 4
provides for readout of only wanted dats and eliminates

. the readout of unwanted data.

SUMMARY OF THE INVENTION

Briefly, the present invention comprises a pulse. 4
width demodulator and information storage device
including s dsta processing clocking system and an
independent data readout and recorder control clocking
system. The data input may comprise a pair of words
for each data collection cycle. By means of an index
signal, which is synchronized with the data input, the
device distinguished between each word of the data pair
being processed. The device converts each pulse-width
modulated word into digital format and stores each pair
of words alternately in one of a pair of shift registers.
The readout is alternately from the other of the pair of
shift registers to the recorder on command from the
recorder. .

STATEMENT OF THE OBJECTS OF THE
INVENTION

An object of the present invention is to provide a
relatively simple pulse-width demodulstor and informa-
tion storage device;

Axnother object of the present invention is to provide
a highly reliable pulse-width demodulator and informa-
tion storage device; L

Still another object of the present invention'is to
provide a pulse-width demodulator and information
siorsge device that employs a pair of asynchronous
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" clocking systems, one for cosntrolling the transmitted

data and the other for controlling the recorder and
clock‘_in; out the stored data 10 the recorder;

“s

...............

A further object of the present invention is to provide
s pulsewidth demodulator and information storage sys-
tem that stores and reads out only wanted data;

A still further object of the present invention is to
provide a pulse-width demodulator and information
storsge device that converts and stores the pulse width
modulated information into digital information;

Otber objects, advantages and novel features of the
present inveation will become apparent from the fol-.
Jowing detailed description of the invention when con-
sidered in conjunction with the accompanying draw-
ings wherein:

- BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are together a schematic disgram
of the pulse-width demodulator and information storage
device of the present invention; ,

FIG. 2 is a timing diagram that shows ope type of
information that may be received and processed by the
pulse-width demodultor and storage device of F1G. 5
and

-FIGS. 3A and 3B are together a timing diagram illus- -
trating the operation of the pulse-width demodulator
and information storage device of FIG. 1 when it is
receiving and processing the type of information shown
in FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

In FIG. 1 is shown a schematic diagram of the pulse-
width demodulator and information storage device 101
of the present invention. In FIG. 2 is illustrated a timing
diagram that shows one type of information that may be
received and proessed by the pulse-width demodulator
and storage device 101. In FIG. 3 is {llustrated a timing
diagram illustrating the operation of the pulse-width
demodulator and information storage device 101 when

It is to be understood that any type of pulse-width
modulated data and an accompanying index or refer-
ence signal (referred to as signal 11 in FIGS. 1 and 2)
may be procesed by the pulse-width demodulator and
storage device of the present invention. Frequently,
data is pulsewidth modulated when it is desired 10 trans-
mit binary data such as 1's and 0's. That is, a 1 is repre-
sented by a Jong pulse and 8 zer0 is represented by a
short pulse or vice versa. The present invention is illus-
trated as processing 18-bit words; however, it will be
obvious to one skilled in the art that it may be readily
modified to process shorter or longer binary words.

The primary function of the pulse-width demodula-
tor and information storage device 101 of the present
invention is to receive pulse width modulated informa-
tion, convert the pulse-width modulated information
into digital information, store the digital information
and then read out the stored digital information to a
recorder or other device upon demand by the recorder
or other device.

One of the major difficulties encountered in transmit-
ting information from a remote sensor to & recorder is
the required synchronizing of the clock pulses that
control the processing of the sensor information with
the clock pulses that process the information for read-
out to the recorder and for controlling the recorder.
One of the unique features of the present invention is
that it permits the processing of the sensor information
by one clock timing system and the processing of the
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information for readout to the recorder and for control-
ling the recorder by a separate clock timing system.
Typically, other type systems that employ a dua) clock
systém have stored the digital information in a serial
buffer. Therefore, when the recorder reads out this
serially stored information it must read out all of the
stored information, much of which may be undesirable
or unwanted information. One of the unique aspects of
the present invention is that it employs a dual clock
system that reads out, on demand of the recorder, only
the wanted or desired information. Therefore, the prob-
lems associated with synchronizing a single clock sys-
tem are avoided and the problem of obtaining unwanted
information in a dual clock system are also avoided.
In order to more fully understand the pulse-width
derodulator and information storage device 101 of the
present invention, a description will be first given of one
type of input information it may be used to process. A
detailed description of one type of input information
that may be processed by the present invention is com-
pletely shown and described in co-pending patent appli-
cation Ser. No. 486,035, filed July S, 1974, entitled Elec-

- tric Field Measuring Device by Peter B. Wagner et al;
_copending patent application (Navy Case Number

$8,393) Ser. No. 592,852, filed July 2, 1975, entitled
Analog Signal Processor by Peter B. Wagner; and co-
pending patent application (Navy Case Number 58,394)
Ser. No. 592,851, filed July 2, 1975, entitled Digital
Signa) Processor by Peter B. Wagper.

Before considering the details of the schematic dia-
gram of FIG. 1 it is considered desirable to describe the
nature of the information that may be received by refer-
ence or index receiver 103 and data receiver 105. In
general, the index signal is used to identify a particular
word or pairs or words received by data receiver 105,
Although the present invention may be used on any
type of indexed pulsewidth modulated incoming infor-
mation, FIG. 2 shows it use with an electric field mea-
suring device (such as shown in Ser. No. 486,035) or
other rotating type devices where information is desired
to be known at at least one or two different positions in
one 360° revolution. More particularly and in the pre-
sent example the index signal 11 is used to distinguish
when a revolution of information is taken from a 0°
starting position as compared to when it is taken from a
90° starting position. These 0° and 90° starting positions
are frequently used for measuring and analyzing atmo-
spheric clectric fields. However, it will be understood
that the reference or index signal will not be required if
it is not necessary to know the particular orientation
being measured. - .

In the more general sense, it is to be understood that
the present invention may be used to process pairs of
pulse-width modulated information wherein one pair
makes up 2 complete cycle of information. The pair may
comprise a data word A and a data word B. It is to be
understood that the information contained in data
words A and B may be from any two sources such as
temperatures sensors, pressure sensors and the like.

As illusirated in FIG. 1 the dats output to the re-
corder 106 is shown as having a hard line conpection
which means that the recorder will serially record bi-
nary 1's and 0's. It is to be understood that the binary
data output mzay be applied 1o the input of many differ-
ent types of devices for further processing. One exam-
ple would be the transmission of this binary data to a

s
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digital 10 analog convertor for transmission 10 an analog

recorder, for example. The binary data output may be

also cunnected 10 telemetry equipment, where it may be
pulse-width modulated, or frequency or phase modu-
lated, for radio transmission 1o remote locations.

In the specific example of FIG. 2, three complete
360° revolutions of data collection and processing are
shown. Together these three revolutions comprise one
data collection cycle. This data collection cycle is then
repeated. Each data collection cycle is illustrated as
including a pair of 18-bit words A and B. The 18-bit

“word A represents data starting from 0° (or 360° or

720°, etc.) and the other 18-bit word B represents data
starting from 450° (810°, etc.). In the FIG. 2 example,
the anzlog signal is being integrated from 0° 10 360° for
the first word A. The maximum value V of the inte-
grated analog signal is then held and converted into an
18-bit digital word and during the dump period the V.,
signal is returned to zero and the 18-bit digital word is
converted into 8 18-bit pulse-width modulated word A
that is transmitted serially by a light beam, for example,
10 data receiver 105 of F1G. 1. Many different types of
digital to pulse-width modulated processor are known
that may perform the above described function. How-
ever, the Digital Signal Processor described in co-pend-
ing patent application Ser. No 592,851, filed July 2,
1975, has been found to be particularly suited for this
purpose. This transmitted light beam signal is shown as
light data signal 1 in FIGS. 1, 2 and 3 and includes pairs
of 18-bit pulse-width modulated words A and B. It
sbhould be noted that the index signal 11 occurs during
the beginning of the dump and transmit period: of the
18-bit word A and does not occur during dump and
transmit period of the 18-bit word B. This is done to
distinguish between the A and B words where the A
word starts at 0° and the B word starts at 90°. This
operation will be hereinafter more completely de-
scribed.

. During the second revolution of the three revolution

cycle, the analog signal is being integrated from 450° to ..

810" (that is, 90° displaced from the first word A). The
maximum valve V,, of the integrated analog signal is
then held and converted'into an 18-bit digital word and
during the dump period the V,, signal is returned to
zero and the 18-bit digital word is converted into an
18-bit pulse-width modulated word B that is serially
transmitted by a light beam, for example, to data re-
ceiver 105 of FIG. 1. At the end of this dump and trans-
mit period the process is then repeated. It should be
noted that the dump and transmit period for the B signal
is 180° longer than for the A signal so that the next data
collection cycle starts at 1080° or O°.

The pulse-width demodulator and information stor-
ige device 101 of the present invention will be now
described primarily by reference to FIGS. 1 and 3.
Referring to FIG. 1, the light index signal is received by
light receiver 103. In FIG. 1 is schematically l}ustrated
one technique for generating this index signal. That is, a
rotating index light will impinge upon a stationary index
light receiver and thereby generate an index signal once
each rcvolution of the rotating index light. Light re-
ceiver 103 provides an output index signal 11 which is
applied to the input of schmidt trigger circuit 107. The
function of schmidt trigger circuit 107 is to shape and
amglify, if desired, the index signal 11. This shaped and
amplified signal is shown as index signal 12 in FIGS. 1
and 3 and is applied to one input of AND gate 109 for
ressons which will be bereinafter described.

- The transmitted pulse-width modulated light signal 1,
contzining the datz as previously described, is applied
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10 the input of data receiver 105. The output data signal

2 of data receiver 105 is epplied to the input of schmidt
trigger circuit 111 the output signal 3 of which.is ap-
plied to one input of lstching retriggerable one-shot
multivibrator 113, The function of schmidt trigger cir- $
cuit 111 is to shape and amplify, if necessary, its input
signal as shown by comparing signal 2 and signal 3 of
FIG. 3. The output of schmidt trigger circuit 111 is also
applied to one input of AND gate 115 and to one input
of AND gate 117. The output of schmidt trigger circuit
111 is also applied to the input of one-shot multivibrator
119 the output signal 4 of which is applied to the input
of one-shot multivibrator 121. The output signal S of
ope-shot multivibrator 121 is 2 clock signal for the FIG.
1 device and is derived from and synchronized with the
data signal 1. Referring to FIGS. 1 and 2 it should be
noted that the leading edge of signal 1 starts signal 2, the
leading edge of signal 2 starts signal 3, the Jeading edge
of signal 3 starts signals 4 and 6 and the trailing edge of
signal 4 starts signal S. This is depicted in FIG. 3 by the 20
curved arTows interconnecting signals 1 through S. The
time constants for one-shot mu)tivibnton.ln and 121
are selected to provide pulse time durations approxi-
mzelyasshowanlG 3 Fromthmtcmbeseentlm
the system is provided with a clock pulse signal § thatis 25
syochronized with the data signal 1. However, it should

be noted that pulses of clock signal § occur during the
long pulses of data signal 3 but do not occur during the
short pulses of data signal 3. It should be also noted that
clock signal § is independent from recorder clock signal 30
C which is independently derived in recorder 106.
Clock signal § is applied to one input of AND gate 123
and to one input of AND gate 125. -

Latching retriggerable one-sbot multivibrator 113
provides an output signal 6 that is applied to one input 35
of AND gate 109, to the clock input C of flip-flop cir-
cuit 127, and to the clock input C of flip-Nop circuit 129,
Each of flip-flop circuit 127 and 129 have two dat.
inputs ( an K) and two outputs (Q and Q). A B+
power source is connected to both data inputs of flip- 40
flop circuit 129. The Q output of flip-flop circuit 127,
havinzamtethatisoppositefromthesme of the Q
output, is not used. The Q output signal 8 of flip-flop
stconnectedtobothofthe.!mdl(daumputsof
fhp-ﬂop 129. The Q output sigoal 9 of flip-flop circuit 4§
129 is connected to one input of AND gate 131, to one
input of AND gate 118, to one input of AND gate 123
and to one input of AND gate 133, The Q output signal
10, having a state that is opposite from the Q output

_signal 9, is applied to one of the inputs of AND gate 135, 50
td one input of AND gate 117, to one input of AND
gate 137 and to one input of AND gate 128.

External recorder 106 provides a recorder clock s:;nl
C, havmg a series of 36 clock pulses, that is applied to
one input of AND gate 133 and to one input of AND 55
gate 137,

The output of AND gate 118 is connected to the data
input D of 36-bit shift register 139, The output of AND
gate 117 is connected to the data input D of 36-bit shift
register 141, The outputs of AND gates 123 and 137 are 60
connected 10 the respective inputs of OR gate 143 the
output of which is connected to the clock input C of
shift register 139. The outputs of AND gates 133 and
128 are connected to the respective inputs of OR gate
148 the output of which is conncted to the clock input 65

- C of shift register 141.
The output of shift register 139 is connected to one
input of AND gate 138. The output of shift regist=r 141
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is connected to one input of AND gate 131. The outputs
of AND gates 135 and 131 are connected to the respec-
tive inputs of OR gate 147 the output of which is con-
nected to the data input D of recorder 106. The output
of OR gate 147 will be the binary data being shified out

of data shift reg:ster 139 or the binary dsta being shified
out of shaft register 141

OPERATION

Referring to FIGS. 1,2and 3, tbesbapedpnk&\lmhh
modulated data signal 3 is continuously applied 10 the
inputs of AND gates 115 and 117 when dau is being
recaved.l)ahngml!contansnsmathe.\wwd
containing 18-bits of pulse-width modulated dats and
then the B word containing 18-bits of pulse-width mod- .
vlated datas which together make up a complete dats
collection cycle as previously described. As shown by
the curved arrows of FIG. 3, the Jeading edge of the
data signal 3 turns on latching retriggerable one-shot
multivibrator 113 thereby providing an output signal 6.
This output signal 6 stays on until afier the termination
of the la-bnAwordpulsemegnAIstwmny
terminated by selecting an appropriate internal time
constant afier the 18th bit has been received. The trail-
mgedgeofngml‘togglamdthaeforemtbe
smsonmonfﬂxp—ﬂopcxrumm The
edpofapnl‘abotogglestheQandeofﬂxp-
flop circuit 129 when signal 8 is on.

Referring to FIGS. 1 and 3 the coincidence of shaped
index signal 12 and signal 6 will provide a reset signal 7
through AND gate 109 that is applied to the reset out-
put of flip-flop circuit 127. This will tumn off the Q
output signal 8 from flip-flop circuit 127. This is neces-
myweonectnmnfmemiuﬂmonheQ
ofﬁ:p-ﬂopc\rmmsonnthemnoftbeApmod
of operation. This is illustrated by the hatched Lines at
the start of signal 8 in FIG. 3. This also functions to
distinguish the A data from the B data since signal 8
must be off for the A dstz and on for the B data. -

Referring to AND gate 123 it should be noted that
when the clock signal § is on and the Q output signal 9
is on that the clock signal $ will be applied through OR
gate 143 to the clock input C of shift register 139.
Therefore, the output of AND gate 118 will be shifted
into shift register 139, If data signal 3 is on and the Q
output signal 9 is on then the pulse-width dsta on data
signal 3 will be shifted into shift register 139 in binary
form. Referring to FIG. 3 it can be seen that the clock

pulse 5 will shift a 1 into shift register 139 when a long
data pulse on sigoal 3 occurs because the clock pulse S
occurs simultaneously with the long data pulse. How-
ever, the clock pulse 5 will shift a zero 0 into thift regis-
ter 139 when a short data pulse on signal 3 occurs be-
cause the clock pulse § does not.occur simultaneously
with the short data puise. Therefore, when the clock
signal § and the data signal 3 are being applied to shift
register 139 a series of 36 bits of 1's and 0's, correspond-
ing 1o the Jong and short pulses of data signal 3, will be
shifted into shift register 139. This 36-bit group counsists
of the A and B words of one complete transmision
cycle. It should be noted that the A word is first shifted
in which is then followed by the B word. This is essen-
tial for proper data evaluation. However, it would be
equally acceptadle if theBwordwudmysﬁ:ﬁshﬁed
in 20d then followed by the A word. This would require
system modifications which would be obvious to one
skilled in the art. During the period when the data sig-
pal 3 is being shifted mtoslnhrepster 139, data signal 3
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will not be shifted into shift register 141 because the Q
output signal 10 will be off. _

Conversely, when the data signal 3 is on and Q output
sigral 10 is on then AND gate 117 will present the
pulse-width data of data signal 3 to the data input D of
shift register 141. When this occurs 36 bits of corre-
sponding digital I's and 0's will be shifted into shift
register 141 because clock signal 5 will be on and the Q
signal 10 will be on and both will be applied to the input
of AND gate 125 which therefore provides a clock
signal 5 through OR gate 145 to tbe clock input C of
shift register 141, .

In summary, while a dats signal 3 is on the corre-
sponding 36-bit binary data (words A and B) will be
shifted into either shift register 139 or shift register 141
depending respectively on whether the Q signal 9 is on
(and Q signal 10 is off) or Qsignal 10 is on (and Q signal
9 is off).

When the recorder clock signal C is on, which is
started upon recorder demand at any point in time dur-
ing a data cycle, it is applied to the respective inputs of
AND gates 133 and 137. Therefore, when the Q signal
10 is on the recorder clock signal C will be applied

“through AND gate 137 and OR gate 143 to the clock
input C of shift register 139. At this time the output of
AND gate 115 will provide no output signal, or will be
at ground G, and the clock signal C will provide 36
clock pulses and shift out all of the binary data stored in
shift register 139 and shift into shift register 139 a group
of 36 0’s in series. The binary data from shift register 139
will be shifted through AND gate 135, since the Q
signal 10 is on, and through OR gate 147 to the data
input D of recorder 106. It should be particularly noted
that the output shift rate of shift register 139 corre-
sponds to and is synchronized with the operation and
control rate of recorder 106 since they are both con-
trolled by recorder clock signal C.

5

10

, 8

The time duration of the L signal is selected 10 be
about the same 2s the time duration of the 36-bit re-
corder clock pulse train C. The L signal is applied to the
latch input of latching retriggerable one-shot multivi-
brator 113. Therefore, when data is being clocked out of
either shift register 139 or 141 by recorder clock signal
C then the L signal will be applied to the latch input of
latching retriggerable multivibrator 113 and will assure
that signal 6 will be on for the full time duration of clock
signal C even though the 18th bit of signal 3 had previ-
ously terminated. It should be noted that this condition
will arise only when the recorder clock signal C occurs
during the time period shown by the C and L curves at
the bottom of FIG. 3. At other selected readout times
by recorder 106 the L signal will have no effect. It
should be noted that signal L, by itself, will not initiate
signal 6. This is done to prevent flip-flop circuit 129
from changing until the data transmission to the re-
corder is complete, : .

In view of the foregoing it can be seen that a unique
pulse-width demodulator and information storage de-
vice is provided. It will be obvious to those skilled in the
art that various modifications can be made and still be
within the scope of the present invention. Some of the
modifications have been previously mentioned. How-
ever, it should be noted that the present invention may
be used to process more than 2 groups of words that
together make up a complete data collection cycle. For
example, 3 words A, B and C may comprise the group.
Moreover, the bit length could be more or less than 36
bits. The basic modifications that would be required
would be in expanding the counter (now consisting of
flip-flops 127 and 129) to a larger number that would be
responsive 10 the number of words in the data collection
cycle. It should be also noted that the present invention

can process an A word baving a bit length of from 1 bit °

" 10 35 bits and a B word Jength of from'3S bits to 1 bit,

Conversely, when the Q signal 9 is on, the recorder -

clock signal C will be applied through AND gate 133
and OR gate 145 to the clock input -C of shift register
141. At this time the output of AND gate 117 will pro-
vide no output signal, or will be at ground G, and the
clock signal C will provide 36 clock pulses and shift out
all of the binary data stored in shift register 141 and will
shift into shift register 141 a group 36 0s in series. The
binary data from shift register 141 will be shifted
through AND gate 131, since the Q signal 9 is on, and
through OR gate 147 to the data input D of recorder
106. It should be particularly noted that the output shift
rate of shift register 141 corresponds to and is synchro-
nizeéd with the operation and costrol rate of recorder
106 since they are both controlled by recorder clock
signal C. Digital words A and B, 18 bits each, normally
represent a pair of signals related in time or in other
ways. It is desirable to preserve the relationship be-
tween the two words by grouping them in one 36-bit
word as held by shift register 139 or 141. Thus the 18
bits of the A word is the first series of bits entered in

shift register 139 or 141 and followed by the 18 bits of 60

the associated B word.

Referring to FIGS. 1, 2 and 3, shaped signal 12 is in
coincidence with signal 6 at the beginning of the A
word transmission cycle only. The resulting output of
AND gate 109 resets flip-flop circuit 127 thereby start-
ing the counting process. The process results in flip-flop
circuit 129 changing state only after completion of
transmission of the B word. '
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without “change to any of thie circuits. However, it -
would be necessary that the combined length of the A - -

and B words equal 36 bits. If not, it would be only
pecessary to change the Jength of the shift registers to
¢éorrespond to the combined bit length.

What is claimed is:

1. A pulse-width demodulator and information stor-
age device for processing a series of at least a first pair
and a second pair of pulse-width modulated words com-
prising:

a. first data means for receiving said pairs of pulse-

width modulated words;

b. a first clocking means responsive to the output of
said first means for generating first clock sigpal
pulses that are synchronized with the pulses of said

_ pairs of pulse width modulated words;

c. a first shift register;

d. a second shift register; :

¢. second means responsive 1o the output of said first
data means and to output of said first clocking
means for alternately shifting said first pair of
words into said first shift register and then shifting
said second pair of words into said second shift
régister; and

d. third means for aliernately shifting said first pair of
words out of said first shift register angd then shift-
ing said second pair of words out of said second
shift register.

2. The device of claim I wherein:

' said pulse width modulated words are comprised of
fong pulses and short pulses; and - .




b. said first clock signals are coincident with said long
pulses but are not coincident with said short pulscc.

3. The device of claim 2 wherein:

s. said first clocking means including a first one-chort
multivibrator responsive to the output of said first 5
data mesns and a second one-shot multivibrator

- responsive to the output of said first one-shot multi-

vibrator;
b. said first one-shot multivibrator being responsive ;o
‘ to the leading edge of both said long pulses and said
short pulses of said pulsewidth modulated words;
i ¢. the time constant of said first one-shot multivibra-

tor being less than said long pulses and more than
said short pulses; and

d. said second one-shot multivibrator being respon-
sive to the trailing edge of said first one-shot multi-
vibrator.

4. The device of claim 2 wherein:

a. said second means includes a third multivibrator 20
responsive to the output of said first data means;

b. the output of said third multivibrator being con-
pected to the respective clock inputs of first and
second flip-flop devices; and

c. one output of said first flip-flop device connected
1o the two data inputs of said second flip-flop de-

§. The device of claim 4 including: -

a. an index signal; 30

b. said index ngml coincident with the begmmnx of
said first pair of pulse-width modulated words but
pot coincident with said second pair of pulse-width
modulated words;

¢. sn index AND gate;

d. said index signal being applied to one input of said
index AND gate;

c. the output of said third multivibrator connected to

_ the other input of said index AND gate; and

f. the output of said index AND gate connectedto the
reset input of said first flip-flop device.

6. The device of claim 4 wherein:

a. said second flip-flop device has first and second
outputs wherein when said first output has a signal .
said second output has no signal and when said
second output has a signal said first output has no
signal;

b. s first AND gate and a second AND gate;

c. said first output of said second flip-flop device 50
being connected to one input of said first AND
gate and said second output of said second flip-flop
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10
device being connected 1o one input of said second
AND gate;

d. the output of said first data means connected to the
other input of said first AND gate and to the other
input of said second AND gate;

e. the output of said first AND gate being connected
to the data input of said first shift register; and

f. the output of said second AND gate being con-
nected to the data input of said second shift regis-
ter.

7. The device of claim 6 including:

a. third and fourth AND gates;

_ b. the output of said first clocking means connected to
one input of said third AND gate and to one input of
said fourth AND gate;

c. said first output of said second flip-flop device
being connected to the other input of said third
AND gate and the second output of said second
flip-flop device being connected to the other input

of said fourth AND gate; and
d. the output of said third AND gate being connected
to the clock input of said first shift register and the

output of said fourth AND gate being connected to
the clock input of said second shift register.

8. The device of claimé6 including:

a fifth and sixth AND gates;

b. a second clocking means;

c. the output of said second clocking means con-
nected to one input of said fifth AND gate and to
one input of said sixth AND gate; and

d. the second output.of said second flip-flop device
being connected to the other input of said fifth
AND gate and the first output of said second flip-
flop device being connected 10 the other input of
said sixth AND gate. .

9. The device of claim 8 wherein:

a. the number of pulses in said first pair of pulse mod-

ulated words, the pumber of pulses in said first
clock signal, the number of pulses in ssid second
clock signal, the number of bit storage in said first
shift register, and the number of bit storage in said
second shift register are all the same.

10. The device of claim 7 wherein:

a said third multivibrator is a latching retriggerable

one-shot multivibrator;

b. a Jatching signal means for generating a Iatching
signal having about the same time duration as the
time duration of said second clock signal; and

c. the output of said latching signal means connected
to the latching input of said latching retriggerable

one-shot multivibrator.
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THE FIELDMILL

Discussion of Principles

. Because of the need to make these measurements from above
the fog a new field mill was designed to extend forward from

the nose of a twin-engine aircraft. This involves unique features

and has resulted in three Navy patent applications covering the

special features of the design. Briefly, the design carries

miniature operational amplifiers and digital conversion circuitry

within the rotating section carrying the charge detection plates. ;;é~J
. In this way there are no brush probiems which can introduce -
noise in transmitting the low level signals. The digital signals
‘are carried out to the recording circuitry through an axial photo
emitting diode and photo diode det;ctor, thus completely avoiﬁing
brush noise in the signal path. Automatic ranging of the digital
circuitry allows a wide dynamié_range to be covered withput -

losiﬂg sensitivity and the amplifier range being used is trans-

mitted as part of the signal."Pdher is transmi£¥éd to. the unit
via brushes but because extensive fiitering and regﬁlation cﬁn

be applied to the voltage supply lines no brush noise enters the
circuitry this way. Separate brushes not carrying current provide.
the instrument ground. Finally the charge detecting plates are

inside a glass dielectric cylinder and this provides easy cleaninq’éf

circuitry.

Our device was designed to work in low fields without any pre- ﬁ % .

cipitation being present. I have not considered in any detail : .
how raindrops splashing on the glass will affect the device, '

or snow crysta